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CHAPTER I 
THE NATURE AND IMPORTANCE OF THE PROBLEM 
Introduction 
In the following pages an experiment is reported which was 
designed and conducted to determine the effectiveness of pupil-
teacher, sound, motion picture production as a means of teaching 
ninth-grade General Science. In this experiment the effectiveness 
of the film-making activity is judged in terms of results achieved 
by another teaching method of recognized merit which makes use ot 
currently available instructional motion pictures. 
The production of 16mm. educational motion pictures is not a 
new activity in a considerable number of classrooms and school clubs 
around the country. In fact, since 1923 when Eastman Kodak . Company 
marketed its first 16mm. motion picture camera, hundreds of such 
films have been reported in the literatl;lre. In one sWIIIilary of the 
!I 
instructional motion picture literature published in 1937, thirty-
seven articles dealing with film-production in the schools were re-
viewed. Of these thirty-seven articles thirty appeared between 1933 
and 1937. The increasing interest in this field of activity was 
y Edgar Dale; Fannie w. Dunn; Charles F. Hoban, Jr.; and Etta · 
Schneider; Motion Pictures in Education, A ·Summary o! the Literature. 
Prepared under the auspices -of the American Council on Education. 
New York: H. w. Wilson Co., 1937. 
2 
!I 
revealed in 1941 when Brooker and Herrington reported that during the 
preceding two-year period mre than four hundred schools had produced 
some seven hundred reels of film. y 
One month later Child and Finch writing for the National Council 
of Teachers of English reported that in their survey some 313 schools 
and colleges had produced ootion pictures. Their book, "Producing 
School Movies" was intended as a guide for school-film producers. Now 
out of print, the last two volumes referred to served for years as val-
uable references. 
From an examination of this literature, the writer concluded that 
the great majority of the school-produced films have had their origins 
in Drama, Photoplay, and Newspaper Clubs, as well as in the offices of 
principals and superintendents wishing to employ film methods for pub-
lie relations, rather than in classrooms as an integral part of the 
teaching- learning process. But increasing attention is being given by 
curri culum leaders, audio-visual specialists, and teachers to the class-
room production of all kinds of audio-visual materials. The writer 
believes that such pupil-teacher experiences as making slides, record-
ings, models, maps, and filmstrips, writing and producing radio programs, 
making and displaying collections of museum material, constructing 
dioramas, and producing motion pictures, constitute significant learning 
activities since they are likely to provide the necessary core of pupil-
if Floyde E. Brooker and Eugene H. Herrington, Students Make Motion Pic-
tures, A Report on Film Production in the Schools, p. 9. Motion Pictures 
in Education, No. 7. washington, D. C.: American Council on Education, 
l-941. 
y' Eleanor Child, and Hardy Finch, Producing School Movies, p. X. Spon-
sored by the Committee on Standards for Motion Pictures and Newspapers of 
the National Council of Teachers of English. Chicago: National Council 
of Teachers of English, 8110 Halsted Street, 1941. 
3 
purpose, a point of focus, around which a wide variety- of individual and 
group activities ~ be organized to achieve teaching objectives. 
In those instances where films were planned and produced as a learn-
ing experience, the published judgments of value seem to permit the con-
. !I 
elusion that sueh learning activity- is significant. Katz, basing hie 
opinions on his own experiences with film production at the Uncoln 
School and Horace Mann School for girls, Teachers College, Columbia 
University, said, "Film-making arouses intense student interest. Students 
are faced with special problems requiring the exercise of initiative, 
resourcefulness, and intensive research. MOreover, all work proceeds on y 
a cooperative basis." In similar vein, Whitehead, after her first-year 
English class had produced a film, "David Copperfield," asserted, "I have 
directed no class study of 'David Copperfield• in which a comparable 
knowledge of the story was developed, nor a similar amount of thoughtful 
writt en work done." Also in the greatly respected report on film produc-
tion in the Denver schools Brooker and Herrington stated: 
•••• both teachers and students agreed that the claes project in 
which they- had produced a motion picture was (1) more purposeful, (2) 
more real, and (3) more rich in learning opportunities than were usual 
class projects.zj y 
More specifically, participating students expressed the opinion that, 
"units in which they produced motion pictures differed from other units 
most in such things as: the spirit .of cooperation, the opportunity- for 
self- expression, the opporbunities for initiative, and the freedom from 
I/ Elias Katz, "Making Movies in the Classroom," Clearing House, 11: 153-
b'; November 1936. 
y Louise G. 'Whitehead, "The Motion Picture as a Medium of Class Instruc-
tion," English Journal, 26: 315-17; April 1937. 
JJ Floyde E. Brooker and Eugene H. Herrington, op. cit., p. 18. 
y ~., p. 24. 
4-
teacher domination. 11 It becomes apparent that students as well as teach-
ers, in specific applications of the method, believe that the experience 
is significant. 
For the sake of clarity it should be emphasized again that while 
students engaging in such film-making experiences doubtless learned much 
about the technique of film production, the point of real concern was 
the actual learning outcomes in the specific subject matter area, whether y 
science, social studies, or literature. The Denver experiment not on~ 
emphasized this aspect of film-production, but in addition raised the 
question of value for the subsequent use of such teacher-pupil-made films 
in the classroom by other teachers. Several of the films produced in 
that program were of sufficient technical excellence to be of such value. 
In this latter connection it should be noted that the films were produced 
by tenth, eleventh and twelfth-grade students-. 
The fact remains that despite the success of the Denver project as 
based upon observations by students and teachers, the data, upon which 
conclusions were based, especially the facts concerning the testing pro-
gram, were not described. Furthermore, the data collected must have been 
open to sources of spurious influence. For example, it is clear that 
comparisons between film-producing and non-film-producing classes were 
not based upon adequate controls, and if statistical techniques were 
31 
applied to the data collected, their use was not made clear. The authors 
obvious~ recognize this limitation when they say, "Results of the various 
tests are not conclusive, since more than the usual statistical assumptions 
are involved, but there is a consistency to them which cannot be accounted 
!I~., p. 11. 
y Ibid., p. 2.3. 
5 
for by pure chance." However, lest the above statements be misconstrued 
as reflecting against the calibre of the work done, it should be pointed 
out that the Denver study was never intended as a rigidly controlled ex-
periment. 
The Problem 
Without detracting from the praiseworthy Denver inquiry", and in view 
of the consistent approbation given the device of pupil-teacher film-
production by participants, as well ae the increasing attention being 
given to classroom production activities in genera~ as important means 
ot learning, the writer ventures to eJq)ress the opinion that the instruc-
tional significance of the film-production method needs to be tested 
under experimentally controlled conditions. For example, how would the 
film-production method affect the learning outcomes in a subject matter 
unit in comparison with another method perhaps more convenient to carry 
out under usual school conditions? Putting this question another way: 
Do students who produce films develop desirable abilities and understand-
ings, acquire infonnation and learn to apply it to life situations, less 
well than, equally as well as, or better than their counterparts who en-
gage in other kirds of learning activity involving the same subject mat-
ter? But the answer to still another question must come first: With 
what other kinds of learning activity shall the film production method 
be compared? 
There are two fundamentally different methods of teaching with films. 
One of these is the presentation method, where teacher or students present 
a selected film and carry on whatever activities are appropriate for 
achieving desired objectives. The other is the film-production method 
6 
where teacher and pupils together plan and make a film, thereby using 
and reacting to the content involved, to achieve the objectives formu-
lated by the teacher. The fonaer method has been the subject of extensive 
research. Results have shown that in a wide variety of situations film 
presentations along with discussions, study of the text, and related 
problem-solving are significantly more effective from the standpoint ot 
learning outcomes than textbook methods alone. It appears logical, 
therefore, that the method for which significance is claimed, namely, 
the film-production method, could be checked for effectiveness against 
a method whose superiority over usual methods, under stipulated circum-
stances, has already been recognized. In limiting the scope of such an 
experiment, and in view of the writer's experience and preference, 
General Science was chosen as the subject in which the effects ot the 
two methods would be studied. 
The problem then is to det~rmine experimentally whether or not a 
statistically significant difference in achievement results from the stugy 
of selected General Science units of work when teaching and learnigg 
activities are organized around the joint ~il:-teaeher produc~ion of' a 
motion picture, as compared with the organization of these activities 
around the study of textbooks and the pres~ntation of commercially pro-
duced films. Briefly stated, the hypothesis to be tested statistically 
is that there is no diff'erenee. 
Main questions to be answered. Insofar as this experiment is eon-
cerned, the writer hopes to f'ind the answers to the following questions: 
1. Which of the two methods of using motion pictures in teaching a 
General Science unit i~ more effective in terms of' the acquisi-
tion of' knowledge and the ability to app~ this knowledge in a 
variety of situations? 
2. Which of the two methods of using motion pictures is more 
effective from the standpoint of permanence in learning? 
3. Is the gain in achievement, under one or the other of the · 
two methods, made at the expense of increased instructional 
costs? 
7 
4. Which one of the two teaching methods is preferred by students? 
Literature of the Problem 
The writer was unable to locate a single report of an experimental 
comparison of the motion picture production method with other teaching 
!I 
methods. The Denver motion-picture-production project resembled a 
research study in that some of the conclusions reached were based upon 
tests administered to what were referred to as fairly comparable groups, 
however adequate controls seemed to be lacking. Because of this the 
writer fonned the opinion that the Denver project was not intended to be 
an experimentally controlled study. Even so, no other report in the 
literature throws as much light upon the JX>Ssible value of joint pupil-
teacher production of motion pictures as a learning activity. In con-
elusion the authors said in part, 
" •••• t he experience of Denver would indicate that, wit h proper 
teacher leadership the activity of production does not become 
'an end in itself,' and that very definite and worthwhile educa-
tional values do derive to the students from their participation. 
Some teachers go so far as to claim t hat this type of activity 
(film-making) is more effect ive in furthering specific school 
objectives than are many other types of classroom activity. "Y 
To substitute an effective teaching activity for the word "other" 
in the last line of the above statement, and to test such claims in a 
situation where adequate experimental controls have been established 
!I~-
?} I bid. , P• 137. 
is precise~ what this investigator set out to do. In pitting the film-
production method against the method wherein commercially available 
sound films were presented and discussed in connection with stuqy of 
subject~tter references and problems, it is assumed that the latter 
method is superior to textbook methods alone. This basic assumption is 
justified by the evidence from widely reported research studies involv-
ing both silent and sound instructional motion pictures. Here are a y 
few of the generalizations from the literature. P. J. Rulon in a sum-
mary of research up to 1933 had this to say in connection with the use 
of silent motion pictures in comparison with other teaching methods: 
"Possessing as it does the ability to portray objects in 
JOOtion, the motion picture occupies a singular position among 
visual aids to inStruction, and a substantial portion of the 
experimental literature on visual aids pertains to the effective-
ness of the motion picture as compared to various other methods 
of presenting instructional material. The best short summary 
which can be made of the somewhat more than one hundred separate 
experiments is that when properly produced and wisely used, the 
motion picture possesses distinct pedagogical values over and 
above traditional teaching methods on which the same amounts of 
time and energy are expended. In the larger part of the exper-
iments reported, children studying by means of the motion pic-
ture have learned more than their colleagues who did not have 
the privilege of this aid." 
In 1951, after a thorough and comprehensive analysis of the available 
motion picture research from 1918 to 1950, Hoban and van Ormer concluded: 
"From these studies of the instructional effectiveness of 
films plus usual instructional methods as compared with usual 
methods of instruction, it is possible to draw several conclu-
sions about the amount of increased learning that may be ex-
pected from the use of films: 
1. In the great majority of the studies which can be 
classified in this section, the addition of films 
to the usual teaching methods has brought about 
increased learning •••• 
y P. J. Rulon, The Sound Motion Picture in Science Teaching, Harvard 
Studies in Education, p. 1. Cambridge, Mass.: Harvard University 
Press, 1933. 
5. The influence of effective films added to usual methods 
of instruction frequently appears in measures of reten-
tion •••• SOmetimes a superiority not evident upon immed-
iate testing shows up later."l/ y 
In 1952, Meierhenr,y concluded: "For the field of Science it may be 
stated that the use of selected motion pictures resulted in enrichment of 
that type of mat erial which is considered desirable, but which can be 
taught only with difficulty, if at all, in the usual classroom setting 
without significant loss of things which are generally considered a part 
of high school science courses." 
On the basis of the reports of such experimentation, it is as sumed 
that the method used by the control groups in this experiment is superior 
to the usual textbook methods without motion pictures. 
A number of reports concerning teacher-pupil film-making activity 
have appeared somewhat more recently than those already discussed, and 
of course more are expected since the introduction of magnetic-track, 
sound-recording processes should stimulate new interest in local film 
production by classroom as well as other groups. The following cases 
are representative. Case Number 1: In an advertisement by General 
'JI 
Mills Gompaqy a brief description was given of a Stamford University 
Workshop in NUtrition for teachers in which students and instructors 
planned and produced a motion picture in eight days. The activity was 
called an effective technique for learning. Case Number 2: In Palo 
Y Chas. F. Hoban, Jr., and Edward B. van Onner, Instructional Film 
Research 1918-1950 (Rapid Mass Learning), pp. 6-11. Sponsored jointly 
by Department of the Ar.Tny, and Department of the Navy. washington, D. C.: 
U. S. Department of Commerce, Office of Technical Services. 
y Wesley C. Meierhenry, Enriching the Curriculum Through Motion Pictures, 
Final Re rts of the Nebraska Pro ram of' Educational Enrichment Thro 
the Use of MOtion Pictures, p. 4. Lincoln, Nebraska: University of' 
Nebraska Press; 1952. 
3/ National Educational Association, "The Teachers Who Made a Movie," lEA Journal, March 1953, p. 1952. 
l 
Altols Jordan Junior High School a class in WOrld Problems planned and 
produced a motion picture entitled "Learning About Russia. 11 The class 
and teacher organized working committees, procured equipment and mater- · 
ials as well as advice on procedures, and carried their project to sue-
cessf'ul completion. In this instance sound was recorded on tape and 
played back as the film was projected. Among the conclusions reached 
. !I 
were the following: "• ••• The employment of the 'modern 3 Rlst (read-
ing, lriting, and 'reeling) conduced to more direct and incidental learn-
ing than a traditional approach to the unit would have provided •••• When 
the final verdict on making movies in the classroom came in, it was 
agreed that 'Lights!+ Cameral+ Action!= Educationl'" Case Number 3: y 
A news item in Film ~rld magazine reports that school children in 
Great Britain ages 11-minus to 16-plus had produced eighteen films rang-
ing from four to thirty minutes in length as a part of their film study 
activities. The films are silent and come from schools of ever.y type, 
and they deal, the article reports, with "simply constructed variations 
on the theme of 'Tirtue rewarded 1 or •retribution 1 ." The film-makers 
were boys and girls or teams of both. 
The aboTe cases are examples of' joint pupil-teacher film-production 
for the purpose of achieving teaching objectives other than film-making 
skills. other reports of film-production, and these are numerous, are 
for the expressed purpose of teaching motion-picture-production skills 
functionally. The two are vastly di!'ferent. This experiment seeks to 
determine whether or not pupil-teacher film-production is an effective 
y Howard w. Burns, · "We Made a Movie · About Russia," Educational Screen 
Magazine. Vol. XXI, No. 5, May 1952. pp. 188-189. 
y Film · World and A-V WOrld News, "Children-Produced Fil.ras Stimulate 
other Classes." Vol. X, No. 3, March 1954, p. 175. 
method for achieving teaching objectives other than the technical skills 
of production. Will the lll8l'J;Y claims of value, based largely upon sub-
jective judgments, be bome out in this situation where teaching plans, 
subject-matter, teaching objectives, instructional time, as well as t he 
participating pupils and teachers themselves are subjected to experi-
mental controls? The nature of the design developed for this experiment 
is discussed in the next chapter. 
CHAPI'ER 2 
EXPERIMENTAL DESIGN 
Briefly stated, the design for this experiment involved two teachers, 
and two ninth-grade classes of general science, one enrolling twenty-
seven and the other twenty-eight students. Following detailed teaching 
plans, and prescribed procedures, both classes devoted six weeks to each 
of two instructional units, namely, water and Foods. Each class studied 
the same unit at the same time, l::ut was taught by a different teaching 
method, and when the second unit was started, the methods were reversed. 
Joint pupil-teacher planning and production o.f a sound motion picture 
about the subject-matter was the method used for the experimental group, 
and studying the same subject-matter along with, the presentation and dis-
cussion of appropriate available motion pictures was the method used for 
the control group. 
Unit Achievement tests, constructed for the purpose, were adminis-
tered before instruction was given, were administered again at the end 
of the unit, and administered a third time as a retention test approxi-
mately six weeks after the instructional period ended. 
The experiment began on September 20, 1954 in two Junior High 
Schools o.f West Hartford, Connecticut, namely, the Alfred Plant and 
James Talcott Junior High SChools. The cooperating teachers were 
Mr. Ransome J. Garrett and Mr. Howard A. Hitchcock. 
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Basic elements in the experimental design are now described in 
greater detail, with the full discussion of experimental controls, teach-
ing plans, and test construction, being reserved for Chapters 3, 4, and 
5, in that order. 
Teaching methods. Two different teaching methods were employed as 
follows: 
(1) The attempt to achieve the objectiTes of the unit by engaging 
in problem solving activities including the use of appropriate 
instructional commercially-produced motion pictures, and the 
stuq, of reference books, or other verbal sources. This method 
was called the film-presentation method, and the classes 
taught by this method were the control groups. 
(2) The attempt to achieTe the objectives of the unit by means of a 
joint pupil-teacher effort to plan and produce a 16mm., sound 
(Magnetically recorded on the film) motion picture. Reference 
books and other verbal sources were used as needed. Interviews 
in and outside the classroom, and visits by class committees 
were engaged in as needs arose. Teacher and students carried 
the project through to completion as scheduled. This method 
was called the film-production method, and classes taught by 
this method were the experimental groups. 
Participating teachers and students. Two teachers each teaching one 
of his regular ninth-grade general e cience classes participated in the 
experiment. Each teacher taught two units of work, water and Foods, one 
unit by the film-presentation method, and the other by the film-production 
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method. Each of the two classes was ·organized on the basis of criteria 
set up for the group before the annual schedule for the selected school 
was made out. '!'he two participating classes were in different schools, 
and their enrolments were twenty-eight and twenty-seven students. 
Duration of eXPerimental instruction. The total instruction time 
was the same :tor both classes, being equally divided between the two units. 
Each group deToted thirty class periods to each unit of work regardless of 
the teaching method employed. In-class time of experimental and control 
groups was matched according to class periods, and assigned out-of-class 
work was matched on the basis of pupil-hours. Details regarding the con-
trol of this variable are found in Chapter 3. 
General Science subject-matter. Two units of wotk constituted the 
subject-matter limits of the eXperiment. The titles of the units were 
the following: Understanding and Gontrolling water :tor Man I 8 Needs, and 
. . 
Understanding and Uaing Foods Wisely. Textbooks used regularly by the 
participating classes were incorporated in the duplicate classroom libra-
ries one of which was used by each class for reference purposes. The 
subject-matter referred to by both experimental and control groups was 
prescribed in the teaching plans as set forth in Chapter 4. 
Rotation method. The experiment began with both teachers teaching 
the unit on water as pre-arranged. A toss of the coin on May 17, 1954, 
determined the assignment of the film-presentation method to Mr. Garrett•s 
class at Plant School. His group therefore became the control group. 
Thus Mr. Hitchcock at Talcott School ~ chance began teaching the Water 
unit using the film-production method. His group thus became the exper-
imental group. When the Foods unit was started, the teaching methods were 
exchanged. The rotation of methods, as employed in this experiment, is 
shown in Table 1. 
Science 
Units 
Wat er 
Sept.20 through 
Nov. 3,1954 
Foods 
Nov. 4 t hrough 
Dec. 20, 1954 
TABLE 1 
ROTATION OF TEACHING METHODS 
Plant School 
Class 
Mr. Garrett 
Control 
Group 
(Film-Presentation) 
Experimental 
Group 
(Film-Production) 
Talcott School 
Class 
Mr. Hitchcock 
Experimental 
Group 
(Film-Production) 
Control 
Group 
(Film-Presentat ion) 
Use of measuring instruments. Four objective tests were constructed 
for this experiment to measure achievement in the acquisition of informa-
tion, and the ability to apply scientific facts and principles to life-
like situations, not formally discussed in the classroom. Two separate 
tests, one for each learning outcome being measured, were administered 
before and after instruction was given in each unit. Data showing the 
direction and amount of the instructional effect upon each student by 
the various teaching method were then collected. Six weeks after in-
struction in both units had been completed, the same four tests were 
administered a third time to measure the effect of each teaching method 
upon retention. 
Statistical techniques. The main purpose of statistical analysis 
was to compare the instructional effect of the teaching methods employed 
in the experimental and control groups, and to ascertain if the differ-
ences were significant. The "null" hypothesis thus was either accepted 
or rejected on the basis of the following techniques: 
(1) The means and standard deviations of the achievement scores 
at the end of each unit of work were computed. 
(2) The means of achievement scores for groups taught by the same 
method were combined and the differences ascertained. 
(3 ) The significance ratios for the differences between methods 
means were calculated and the significance of such differences 
were determined. 
(4) The same procedures were followed in analyzing the scores on 
t he retention tests. 
Details relative to statistical comparisons, together with the 
procedures for interpreting other pertinent data, are given in Chapter 
6. The next chapter describes the plans and procedures for controlling 
experimental variables. 
CHAPl'ER 3 
PLANS AND PROCEDURES FOR CONTROU,ING 
EXPERIMENTAL VARIABLES 
St udying the effect upon achievement of' two different teaching 
methods in different teaching si tuatione demanded that the experimental 
issue of method be isolated in order that valid conclusions could be 
drawn from the data collected. Appropriate plans and procedures were 
therefore set up for controlling the experiment. 
Selection of the Rotation Procedure 
Consideration given to the rotation procedure carried out in two 
schools with two teachers and two class groups, revealed imJ><?rtant 
advantages over other · experimental designs for this particular study. 
Foremost among the reasons why the rotation procedure was chosen was the 
likelihood that by combining achievement scores for groups taught by 
similar methods, the effects of several uncontrolled variables such as 
differences in mental ability, chronological age, teacher-pupil relation-
ships, reading ability, as well as differences in classroom environment, 
-would be balanced out or minimized. There was merit in this plan also 
from the standpoint of economy of time through simplified statistical 
analysis. Furthermore; the rotation plan had the possible advantage 
of facilitating improved public relations, since each cooperating teacher 
would be teaching experimental as well as control groups. 
Regarding the use of the rotation procedure in their own experimenta-
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tion with instructional motion pictures Wittich and Fowlkes stated: 
"The rotation method of group e.xperimentation was used in 
order to minimize the effect of several uncontrollable factors 
which must necessarily be reckoned with in any study compara-
ble to the present one Ltheir oWn_l. By rotating the subjects 
and holding constant the various experimental factors, such 
variables as chronological age, emotional differences, rapport, 
intelligence, level of reading ability, and influence of teacher 
can be reduced to a common level of interference or even to 
nothing. 11!/ 
Despite the advantages claimed above for the rotation method, it 
needs to be pointed out that certain kinds of influences may easily add 
or detract from the main effect of the two methods. For example, in 
this experiment, it was feared that the group which proceeded from the 
film-production method to the film-presentation method might have brought 
a keener appreciation of films to the study of the next unit, and hence 
might have learned more than they would have, had some other method pre-
ceded. Proper caution regarding the "2x2 Latin Square" was emphasized y 
by Grant who stated, "A Row-Column interaction effect might possibly 
counteract or enhance a main effect. The experimenter who uses two pro-
cedures in the two possible presentation sequences must, however, be 
alert to consider such an eventuality in interpreting his experimental 
data." The effect of such influences in this study are given considera- · 
tion in Chapter 6. 
Selection of the Experimental Teachers, 
Schools, and Classes 
In setting up plans and procedures for controlling experimental 
variables, the investigator based decisions upon the belief that those 
!/ Walter Arno Wittich, and John Guy Fowlkes, Audio-Visual Paths to Learn-
1ng. New York: Harper and Brothers ?ublishers, 1946, p. 49. 
'6/ D. A. Grant, "The Latin Square Principle in the Design and Analysis of 
Psychological Experiments, 11 Psychological Bulletin, 45: 427-442; Septem-
ber, 1948. 
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differences between individuals, groups, teachers, and schools which 
would affect the pupils o! the same group equal~ under both methods 
would need the minimum of control, and those which might affect the 
pupils of one or with groups more under one method than the other, would 
have to be eliminated, or. subjected to maximum control. For example, if 
one of the two cooperating teachers had been influenced to embark upon 
the experiment against his wishes, the effects of instruction on one of 
the groups under either or both methods might have placed the entire 
experiment in jeopardy. 
In line with the purposes am requirements of the experiment, the 
following general criteria were set up for selecting the school, or 
schools, classes and teachers: 
(1) A city or town, preferab~ in Connecticut, convenient~ 
accessible to the investigator to facilitate close super-
vision of all phases of the experiment. 
(2) A city with many cultural levels to give wide diversity to 
the membership of the claeses. 
(3) A school where variation in content and teaching methods is 
not looked upon with disfavor by school administrators. 
( 4) A school system which employs a full-time Supervisor of Audio-
Visual Education to assist in supplying needed classroom 
equipment for the experiment. 
(5) A school system which has at least two General Science Teachers 
each having one or rore classes in that field. 
(6) A school where two General Science classes consist of students 
grouped heterogeneously, or where random assignment to class 
groups may be arranged for. 
(7) Two classes of ninth-grade students including approximate~ 
equal nwnbers of boys and girls, and including a wide range 
of .mental ability and socio-economic ievels. 
(8) A school or schools in which two General Science teachers 
are equal or nearly equal in: 
(a) OVer-all teaching proficiency, at or above the "better-
than-average-success" level. 
(b) Teaching load. 
(c) Willingness to participate in the experiment. 
(d) Knowledge of photographic processes. 
(e) Ability to make effective use of instructional motion 
pictures. 
It is obvious that the process of making a final decision regarding 
the selection of participating teachers and classes had to be delayed 
until it could be ascertained that all the data from the many-sided 
investigation satisfied the established requirements. Pertinent data, 
judgments, and the order in which the selection procedures were carried 
out are now set forth in detail. 
Preliminary exploration in Januarz1 1954. Four cities in Connecticut 
each having a full-time director of audio-visual education were explored 
for possible selection in a preliminary way by means of casual talks with 
the directors. One of these talks elicited such a favorable response that 
the conversation was continued and expanded to include a somewhat detailed 
explanation of experimental plans. This individual, Mr. Richard w. Morton 
of West Hartford, expressed a willingness to cooperate should West Hart-
ford' s School Superintendent. give clearance for such an experiment., and 
also revealed that the three ninth-grade General Science teachers, one in 
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each of three junior high schools were ver.y capable teachers in his 
opinion. He also indicated that West Hartford 1 s audio-visual department 
owned the necessar.r motion picture camera and Magnetic-Sound Motion pic-
ture projector which could be supplied for the experimental period. At 
this point the investigator decided to confer with the School Superin-
tendent, Dr. Edmund H. Thorne. 
Administrative Clearance. An appointment was made for a conference 
with the superintendent for two main reasons, namely, (1) to obtain 
clearance to proceed with plane for ascertaining the suitability of 
West Hartford as the locale for the experiment, and (~) to obtain man-
to-man judgments about the teaching proficiency of General Science 
teachers in west Hartford •s junior high schools. Mr. Morton, the 
Director of Audio-Visual Education, was present at the conference. After 
an explanation of the problem, and the experimental requirements, Super-
intendent Thorne gave verbal approval for the investi gator to continue 
with his plans, and referred him to the Curriculum Coordinator. Dr. Thorne 
stated that all of the ninth-grade science teachers were above average, 
or better, in over-all teaching proficiency, and that it would be up to 
the school principals to provide the investigators with official detailed 
ratings for particular teachers. 
The Curriculum Coordinator, Mr. Francis A. 'Whittel, was conferred 
with immediately, and after discussion of the proposed experiment, the 
investigator was referred to West Hartford's junior high school princi-
pals who would make the final decision as to whether the experiment could 
be conducted or not, and if the conditions imposed by the experimental 
procedures would be acceptable. The Curriculum Coordinator referred the 
problem of obtaining official ratings of the teachers to the principals 
who would have cumulative annual ratings available. He did, however, 
bear out the Superintendent's judgment by agreeing that all of the 
ninth-grade science teachers would doubtless meet the investigator's 
criterion of better-than-average, over-all teaching proficiency. In 
this conference it was ascertained also that the science classes were 
grouped heterogeneously as desired. 
The next step in the plan for selecting the locale tor the exper-
iment was to discover whether or not the ninth-grade students in west 
Hartford for the school year 1954-1955 would meet the criteria set up 
for the participating groups. 
Characteristics of student samples. The assUDlption underlying 
group selection was that both cooperating classes would constitute small 
random samples of the same population. To approximate this requirement, 
it would be necessary to select groups ot students possessing as nearly 
as possible the characteristics of such samples. Therefore, the follow-
ing criteria were set up: 
(1) Both samples should consist of ninth-grade students. 
(2) B'oth samples should include boys and girls in approximately 
equal numbers. 
(3) Both samples should be organized by school administrators on 
a heterogeneous basis. 
(4) Both samples should consist or pupils representing various 
socio-economic levels. 
(5) Both samples should include pupils representing various levels 
of mental ability. The mean I. Q. of such groups should fall 
at about 100, which is normal for Connecticut ninth-grade 
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students, or higher, but not exceeding the average I. Q. for 
the entire ninth grade of the school which has the higher 
average. 
The nature of the September 1954 ninth-grade General Science stu-
dents was ascertained by obtaining data about the January 1954 eighth-
grade students enrolled in West Hartford's three junior high schools. 
With the assistance of the Curriculum Coordinator, I. Q. data were ob-
tained from the Guidance Director's office, and the principals of the 
three schools permitted the investigator to have access to office-
information cards without knowing the actual need tor the data being col-
lected. Thus the occupation of the rather, or mother, of each eighth-
grade student was obtained and listed for each of the three schools. 
Based on October, 1953 test results for the eighth-grade, using the Otis 
Quick-Scoring Intelligence Test, form Beta-DM, the I.Q.m~ans. for the 
Sedgwick, Plant and Talcott Junior High Schools respectively were lll.5, 
109.5, and 104.6. The eighth-grade enrollments in these schools at that 
time in the same order were 205, 161, and ll3. If, as was the case, 
classes were being sought whose mean I. Q. would fall as close as possi-
ble to 100, the Plant and Talcott Junior High Schools would obviously 
provide the best possibility for the organization of such class groups. 
The occupations of fathers, or mothers, of eighth-grade pupils were 
classified according to the twelve major occupation groups developed tor 
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the 1950 Census of Population, which are as follows: Job Group 1, 
1/ According to the unpublished Master's Thesis ~ Allan B. Smith, Univer-
sity of Connecticut, 1949, the mean I. Q. of the ninth-grade students in · 
Connecticut is 100.14. N was 22415 and the S. D. was 10.47, based on the 
use of the gamma form of the Otis Quick-Scoring Intelligence Test. The 
thesis title is, "Selection of Connecticut Public School Pupils, Grades 
4-13, As Indicated b.1 Intelligence Quotients.• 
3/ U.S.Bureau of the Census. U. s. Census of Population. 1222• Vol. IV, 
Special Reports, Part 5, Chapter B, Education. Washington, D.C.: U. S. 
Government Printing Office, 1953, pp. 5B-10. 
~~-~~-
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Professional and Technical; Job Group 2, Farmers and Farm Managers; · 
Job Group 3, Managers, O:ffieials, and Proprietors; Job Group 4, Clerical 
WOrkers; Job Group 5, Sales WOrkers; Job Group 6, Craftsmen and Foremen; 
Job Group 7, Operatives; Job Group 8, Private Household WOrkers; Job 
Group 9, Service WOrkers; Job Group 10, Farm Laborers and Foremen; Job 
Group 11, Laborers except farm and mine; and Job Group 12, Not Reported. 
When t he classification numbers had been assigned to each occupa-
tion, the percentage of parents in each occupational class for the 
eighth-grade school enrollment, in each school, was computed. Table 2 
shows these percentages in comparison with the percentage of the popula-1/ . 
tion in each occupation for the u. s. Northeast Region. Since the farm 
laborer occupational group has been broken d01m into one additional class 
in the reference just cited, the table below has thirteen classes. How-
ever, because there were no farm laborers reported in the occupational 
surve,y of eighth-grade pupils, this discrepancy need not confuse the 
compari son. 
Assuming that the percentage of the Northeast population in each 
major job group provides a typical pattern of employment, the two schools 
whose percentages of parental employment conformed most closely to this 
pattern would be the more representative, and hence should be chosen. 
The table shows that 76 per cent of the pa.rents of Sedgwick's_ eighth-grade 
students have occupations classified among the top three major job-groups . 
The decision was made, therefore, to chGose the Plant and Talcott Junior 
High Schools for further exploration for the required students and teach-
ers. It seemed likely that one regularly organized class of ninth-grade 
Y The Economic Almanac, 1953-1954. Published for the Conference Board. 
New York: T. Norman, Y. Crowell Co . , October, 1953, p. 416. 
TABLE 2 
OCCUPATIONAL STATUS OF PARENTS OF WEST HARTFORD'S EIGHTH-GRADE STUDENTS 
AS COMPARED · WITH THE POPULATION OF THE U. S. NORTHEAST REGION 
Occupational Percentages Sedgwick Plant . Talcott 
Classifi- for Jr. High School Jr. High School Jr. High School 
cation Northeast Percentages* Percentages* Percentages* 
Res!: on 
1 9.7 31.0 21.4 ,3.6 
2 1.8 o.o 0.0 o.o 
.3 3.5 45.0 25.4 9.0 
4 14.6 5.1 5 • .3 1.3.5 
5 7.2 11.0 17.3 9.0 
6 14.9 4.6 17.3 38.8 
7 24.1 .9 11.3 25.2 
8 2.1 .o o.o o.o 
9 8.0 2 • .3 2.0 0.9 
10 1.0 o.o 0.0 o.o 
11 0.3 o.o 0.0 0.0 
12 5.7 o.o o.o o.o 
** 1.3 1.1 o.o 0.0 o.o 
Totals lOO.Q! lOO.Q! lOO.Q! 100.~ 
* Based upon 95% of eighth-grade enrollment at Sedgwick, 87% at Plant and 
98% of enrollment at Talcott, as of January 1954. 
**Unreported. The other occupational classes are as previously described. 
General Science might be found in each of these schools which would con-
sist of students with the desired characteristics. 
Clearance by school principals. Encouraged by the strong possibility 
of finding groups of ninth-grade General Science students in two of the 
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three junior high schools in West Hartford, steps were taken immediately 
to obtain the permission of both school principals to conduct the exper-
iment. Appointments for personal coriferences with each principal were 
arranged, and both principals, Mr. A. Reed Walker of the Plant Junior 
Hign School, and Mr. Edwin w. Nelson of the Talcott Junior High School 
showed marked interest in the proposed research project. Both principals 
gave the investigator full clearance for the experiment, and both agreed 
that since the schedule for the next school year had not been made out, 
classes could be organized, by manipulation if necessar.y, to meet the 
special requirements of the experiment. The principals also agreed to 
schedule girls participating in the experiment for Home Economics work 
in foods and cooking during the spring term instead of the fall term in 
order not to jeopardize the results on the retention test concerning food. 
This special arrangement was of vital importance since instruction in 
cooking and foods for the · ninth-grade girls would have constituted addi-
tional instruction in the subject-matter of one of the General Science 
units which other student participants would not have had. 
But what did the principals say about the qualification of the teach-
ers whom they were willing to commit to the experiment? Again both 
principals claimed that their respective General Science teachers could 
do the job effectively. The teacher-rating form, developed for this 
purpose by the investigator, were filled out in a man-to-man situation 
with the official files in each school open to the writer's inspection. 
The ratings qy the principals revealed two veEr good teachers, but appa~ 
ently, neither teacher had been placed in the outstanding bracket. A 
cop,y of the investigator's rating form may be referred to in Appendix 
4. The teachers could now be approached by the investigator to 
ascertain: (1) if both teachers possessed the special qualifications 
necessary to do the experimental teaching, and (2) if they were willing 
to commit themselves to participation. The experimenter's plan for select-
. . . 
ing the participating teachers follows. 
Selection of participating teachers. The plan for selecting the 
participating teachers involved judgments relative to general teaching 
ability, teacher attitude of willingness to engage in untried teaching-
learning experiences, photographic skills·, motion-picture utilization 
skills, and teaching load. The investigator's asswmptions regarding each 
of the above criteria for teachers, and how final judgments were arrived 
at are set forth in the following paragraphs. 
To be selected for participation in this experiment teachers had to 
possess over-all teaching ability. For the purpose of this experiment, 
it was believed that general teaching proficiency should be such that 
neither teaching method would suffer because of the personal or profes-
sional characteristics of the participating teachers. Ideally, both 
teachers should be equal in teaching ability at the highest level of 
competence. Actually, if both teachers were capable of establishing gpod 
rapport with students, capable of developing cooperative plans with stu-
dents , and capable of maintaining emotional stability under mre than one 
type of classroom organization, and if these teachers had a present rat-
ing of at least 11good" in over-all teaching proficiency as General Sci-
ence teachers, as indicated by school principals, the experiment could 
be carried forward successfully as far as this variable was concerned. 
The teacher rating blank for ascertaining fitness for this experiment was 
referred to in the report of the wr iter's conferences with the school 
principals. The judgments of the school principals were so favorable 
that the investigator decided to explore special qualifications of the 
teachers tentatively selected. 
To qualify for participation in the experiment, it was also felt 
that teachers should be willing to engage in untried teaching-learning 
experiences. Willingness to use the specific methods prescribed for 
the experiment constitutes a critical aspect of the selection of the 
cooperating teachers. If such willingness to participate were not pres-
ent in each of the teachers, one or the other of the two methods being 
used might be subjected to spurious influences . that 'WOuld make valid 
comparisons impossible. Fortunately, the presence of the attitude of 
willingness to participate could be inferred months in advance of the 
actual experiment by judging the positive or negati~e reactions of 
teachers to the proposed experiment as observed during personal inter-
views. Therefore the decision to participate had to be a personal one 
for the teacher. No extemal pressure could be brought to bear by the 
investigator through other school personnel. The assumption was that 
two teachers who willingly conunitted themselves to a revealed course of 
action were not critically differ~nt in the basic attitude of willingness 
to engage in an untried technique. 
Before the writer began his search for participating teachers and 
students, a detailed plan for the interviews with each tentatively se-
lected teacher was formulated. This plan consisted of the following 
specific procedures; 
1. Obtain appointments with tentatively selected teachers by per-
mission of the school principal. Talk with each teacher indi-
vidually. 
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2. When face-to-face in the interview situation, tell the 
teacher that this interview is being held with full knowledge 
of school authorities, and pay compliments to each teacher 
based upon judgments of capability expressed by their respec-
tive principals. 
3. Explain the basic reason !or the interview, namely that of 
seeking the assistance of two teachers to carr,y on a teaching-
methods experiment involving two audio-visual methods inelud-
ing the presentation o! films, and the making of a short film 
by teachers and pupils working together. Explain the nature 
of the experiment briefly and ask the following questions: 
(a) Do you use films in connection with your teaching plans 
for General Science? 
{b) Have you ever taken either still or motion pictures as 
a hobby? DO you have any- friends who are ·inte.rested 
in photography? If you had a good opporluni ty would 
you like to learn more about photography? 
{c) Does the proposed experiment seem to you to be worth-
while study? 
(d) Would you be interested in discussing the plans in 
detail with me and one of your colleagues with the 
possibility in mind of being one of the two cooperating 
teachers? 
Agreement to meet for this joint discussion represents a poten-
tial willingness and can be looked upon as a fruitful starting 
point for further observation and inference. Reluctance to 
proceed with this joint discussion, or any statement of dis-
interest, or undue fear of photographic activities should be 
looked upon as evidence that another teacher should be sought. 
4. Arrange to meet with both teachers (preferably an afternoon 
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with a dinner meeting to follow) where . agreement to participat e 
could be sought by the investigator if the evidence favored 
such a decision. 
(a) A thorough coverage of plans would be in order, discussing 
teaching plans, teachers' responsibilities for following 
prescribed action, ability to use instructional films, 
photographic experience, and the willingness of teachers 
to receive instruction as needed. 
(b) At the conclusion of this meeting or during the meeting, 
unless critical deficiencies come to light, at an oppor-
tune time, the question should be put directly, ''Will you 
both agree to carry on this experiment under ley' guidance?n 
If answers are positive, this agreement should be con-
firmed for the record in writing. 
5. Proceed with arrangements for a series of meetings to go over 
-· 
plans for instruction, materials, equi}:lllent, and experimental 
controls. 
This detailed plan of action was carried out with scrupulous care. 
The first interview with each teacher was held on February 12, 1954, and 
t he second meeting, a joint meeting of the investigator with both teach-
ers , was held on March 1. An hour was spent with each teacher in the 
first meeting and the second meeting lasted 5i hours including time spent 
at dinner. Before summarizing the evidence which led to the selection of 
the two teachers, three additional factors in teacher selection need to 
be described since evidence concerning. them was drawn out of the inter-
views . First, in order to be selected both teachers had to possess 
photographic skills, or be willing to receive instruction. Secondly, 
teachers must not differ critically in their ability to use instructional 
motion pictures, and thirdly, the teachers finally selected should not 
differ widely in their respective teaching loads. 
Regarding the photographic skills to be possessed by teachers, it 
was decided that since each teacher was to work with students as guide 
and organizer, not as a cameraman, the knowledge of what was to be done 
and how to go about doing it would constitute the critical state of 
readiness to participate. Both teachers would have to possess this 
readiness before the experiment began. Therefore the willingness to 
receive instruction in the operation of the camera and in the technique 
of planning for a motion picture production would be implicit in select-
ing teachers with appropriate attitudes, and a part of the final deci-
sion to commit teachers to participation. The evidence to form the 
basis for a decision relative to photographic skills was obtained from 
the answers to questions raised in the first personal interview. They 
are stated in item 3(b) of the detailed plan. 
The decision regarding the necessary motion picture utilization 
skills to be possessed by teachers was based upon the following criteria: 
(1) Both of the cooperating teachers should be familiar with and 
have a high regard for motion pictures as teaching devices 
through actual previous use in connection with general science 
teaching. 
(2) Both teachers must also be willing to use motion pictures dur-
ing the experiment in accordance with prescribed teaching plans. 
If teachers had differed widely in these respects, other teachers 
would have been sought. The procedure to get the evidence was to ask the 
teachers to write out answers to specific questions. These questions are 
given below together with the writer's reason for asking the questions: 
1. Are you making use of motion pictures in your present General 
Science classes? (Asked to establish personal knowledge of and 
contact with films.) 
2. Did you use motion pictures in your classes last year? 
(Asked to establish the fact that teachers had had more 
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than one year of experience with motion picture utilization.) 
3. Have you been able to find motion pictures for use in each 
of the units of General Science taught? If not, in how many 
of the units have you used films? (Asked to establish range 
of film use in General Science.) 
4. Do you believe that motion pictures make their greatest 
contribution as a way to introduce new work? If not, what 
other contribution do they make? (Asked to find out if 
teachers had used films for a variety of purposes.) 
5. Have you used any films this year that you consider to be 
of unusual value in your teaching? (Asked to find out if 
teachers actually made critical judgments.) 
6. Have you used any films this year in your General Science 
classes that were so poor that you would never use them 
again? (Asked to find out if teachers previewed films before 
use in class, and if they made value judgments.) 
7. Do your students seem to learn a great deal from the films 
you use? (Asked to find out if the teacher really believed 
in the use of films.) 
8. What methods have you employed to get your students to use 
the content of the films they look at? (Asked to find out 
if films had been actually related in significant ways by 
discussions and problem solving in connection with regular 
classwork.) 
9. Would you be willing to use motion pictures in accordance 
with carefully worked out plans involving problems, directed 
observation, and discussion questions set up in advance? 
(Asked to obtain an indication of willingness to adhere to 
experimental plans for instruction.) 
The~ter believedthat if answers to the above questions by both teachers 
revealed successful experience with films, evidence of having made crit-
ical judgments about suitability of films, and evidence of a strong be-
lief in the value of instructional motion pictures, the inference could 
be made that critical differences in motion picture utilization skills 
as needed by this experiment, did not exist. 
The final selection or teachers, according to the author's plan, · 
depended also · upon an analysis or their regularly assigned teaching 
loads. Ideally both or the cooperating teachers should be carr.ying 
equivalent teaching loads. Actually, substantial differences in teaching 
load might not affect the results of any one method negatively if com-
pensating characteristics such as "drive," emotional stability, rapid 
learning rate and a high degree or willingnesss to participate were 
possessed by the "overloaded" teacher. However, since an "overloaded" 
teacher might be less able to work effectively with a method requiring 
a new pattern or planning classroom work, and might encounter hardships 
in devoting extra time, if necessar,y, to the study or photographic pro-
cedure, it was deemed necessary to select teachers who had closely equiv-
alent teaching loads. The plan for ascertaining teacher load was as 
follows: 
1. Obtain necessar,y data about the teachers, tentatively selected, 
from their principal, or principal~ and apply the widely used y 
Teaching Load formula as developed by Douglas. This formula 
is as follows: 
TL = sc r CP- 2 Dup .,. CNP-20 CP~xr PL +55]. PC lPL" 55] L 10 100 J \: 100 J 2 100 
TL = units or teaching load per week. 
SC • subject-matter coefficient (1.1 science, 1.0 math., .e music). 
CP = class periods spent in classroom per week. 
Dup = number of periods spent per week teaching classes with 
ver,y similar preparation. 
NP • number of pupils in classes per week. 
PC = number of class periods spent per week supervising study 
hall, student activities, or other cooperations. 
PL = gross length in minutes of class periods. 
2. The difference between measures or teaching load, expressed in 
!/ Harl R. Douglas, Organization and Administration ot Secondary Schools, 
Boston: Ginn and Co., 1945, pp. 112-119. 
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TL units, for the cooperating teachers, should not exceed 
2.5 units. This arbitrar,r, critical limit of difference 
!I 
seemed reasonable because Douglas reports that the inter-
quartile range of the differences among teachers in any given 
school is usual~ ~etween 5 and 10 units. A difference of 
2.5 TL units would be smaller than differences normally found 
in the middle fifty per cent of teachers in any given school. 
3. If the difference in teaching load units exceeds the arbitrary, 
reasonable limit set up, obtain an adjustment in load through 
action of school superintendent and principal, or seek other 
teachers for the experiment. 
The evidence which led the investigator to invite Mr. Hitchcock and 
Mr. Garrett to participate is as follows: 
1. General Proficiency. Both teachers were rated good, or better 
by their respective principals in general proficiency, and all 
ratings relative to pupil-teacher relations and teaching methods 
were satisfactory. (See Teacher Rating Form in Appendix 4.) 
2. Photographic Experience and Willingness to Attend a Joint Meeting. 
Both teachers were assistant principals in their respective 
schools, were the audio-visual building coordinators, were about 
the same age in the middle fifties, and both were interested 
in still picture photography. Both teachers had had some ex-
perience with motion picture photography, but neither had pro-
duced a film involving a script. To be specific, Mr. Hitchcock 
had used a 16mm. motion picture camera in .l926 when he worked 
!I Ibid. 
!or Eastman Kodak Company in Rochester, New York, and 
Mr. Garrett had been a one-time owner and user of an 8Jm. · 
motion picture camera. Both were willing to be instructed 
so they could teach student cameramen. Both teachers seemed 
interested in the worthlfhileness o! the research, and gave 
evidence o! willingness to participate. Both expressed 
willingness to meet jointly with the investigator to discuss 
details of the plan. 
3. Reaction to Experimental Teaching Plans. Both teachers reacted 
favorably when the experimental teaching plans were discussed 
in detail on March 1, 1954. A typewritten copy of the teaching 
blueprint was exhibited to the teachers at that time. No reluc-
tance to proceed, or undue fear was in evidence. 
4. No Critical Difference in MOtion Picture Utilization Skills. 
Both teachers filled out the questionnaire entitled Classroom 
Use o! MOtion Pictures. In addition to the fact that the 
teachers being considered were the audio-visual building co-
ordinators for their respective schools, their responses to 
questionnaire items indicated that both teachers were suffi-
ciently skilled in the use of films to be chosen without fear 
of jeopardizing the experimental results. Copies o! the 
questionnaire are to be found in Appendix 5. 
5. Similarity of Teacher !Pads. Using the teaching-load formula 
previously described, and substituting in it the information 
obtained from the teachers about their teaching assignments 
for the 1953-54 school year, it was found that the teaching 
load for Mr. Hitchcock was 21.6 teaching load units, and for 
Mr. Garrett it was 20.4 units, the difference being but 1.2 
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teaching load units. According to the plan set up, a differ-
ence of not more than 2.5 teaching load units would have 'been 
acceptable. Since the schedule of classes for the school year 
1954-55 was not complete, the assumption was made that any 
difference in the teaching loads for Mr. Hitchcock and 
Mr. Garrett for the next school year would remain within the 
critical limits set up. In September when the class schedule 
and teaching assignments were complete for 1954-55, the neces-
sar.r data were again obtained and substituted in the formula. 
The correctness of the assumption was borne out when it was 
found that the teaching load for Mr. Hitchcock was 21.4, and 
for Mr. Garrett it was 21.0, a difference of .4 of a teaching-
!/ 
load unit. 
!J The values substituted in the formula for Mr. Hitchcock and Mr. Garrett 
respectively for the school year 1953-1954 were as follows: SC = 1.1 for 
both, CP = 20 and 15, Dup. = 20 and 15, NP = 150 and 120, PC = 10 and 15, 
and PL = 54 minutes for both teachers. Mr. Hitchcock taught 2 sections 
of 9th-grade science, 2 sections 8th-grade science, and 2 sections of 7th-
grade science; and his periods of cooperation consisted of 1 study hall, 
5 lunchroom supervision periods, and 4 periods of office and audio-visual 
service work. Mr. Garrett taught 2 sections of 9th~grade science, 1 sec-
tion of Sth~grade science and 1 section 7th-grade science; and his peri-
ods of cooperation consisted of 5 homeroom periods, and 10 periods for 
office and audio-visual service work. The data for the school year 1954-
1955 that were obtained and substituted in the formula are again stated 
respectively: SC = 1.1 for both teachers, CP = 19 and 17, Dup. = 19 and 
17, NP = 148 and 101, PC= 14 for both teachers, and PL = 46 and 54 min- . 
utes. Mr. Hitchcock taught 2 sections of 9th-grade science and 3 sec-
tions of 8th-grade science; and his periods of cooperation consisted of 
5 periods of lunchroom supervision and 9 periods of office and audio-
visual service work. Mr. Garrett taught 3 sections of 9th-grade science, 
and 1 section of 7th-grade science; and his periods of cooperation con-
sisted of 1 study period, 5 periods of homeroom and study, and 8 periods 
of office and audio-visual service work. In figuring Mr. Hitchcock's per-
iods of cooperation it was assumed that five thirty-minute periods ot 
service in connection with office and audio-visual service work were 
equivalent to three of the regular-length class periods as called for 
when substituting periods of cooperation in the formula. 
Final agreement by teachers. At the conclusion of the joint meet-
ing in which details of the experimental plan were discussed, arrl vital 
information about the teachers was obtained, the investigator decided, 
on the basis of the evidence collected, to invite the teachers to con-
duct the experiment. Both teachers were fu~ aware of the work entailed, 
but both willingly, that is without persuasive effort, signed the letters 
of agreement which had been prepared in advance of the meeting held on 
March 1, 1954. Copies of these letters are to be found in Appendix 5. 
Selection of participating class groups. Late in March, 1954, as 
soon as it was ascertained that the course elections had been made by 
eighth-grade students for the following September, appointments were 
made with the school principals to determine the composition o! the 
participating class groups. In the Plant Junior High School, some 
seventy-five students had elected General Science, and the principal had 
decided to organize three regular class groups. The investigator was 
given his choice as to how the one class in each school was to be organ-
ized. As a trial method to meet the established criteria, a class group 
was made up by selecting every third course-election sheet after the 
sheets had been mixed. As expected, this random selection resulted in 
a class membership whose average Intelligence QUotient w&s lll, which 
was approximately the mean I. Q. for the eighth-grade enrollment of the 
school. The investigator decided that the average of the I. Q.•s was 
too high, and that another method of selection should be chosen. The 
names of students and their .I. Q. 's were listed and five of the students 
with highest and five with the lowest I. Q. 1s were selected, paying at-
tention also to the selection of equal numbers of boys and girls. The 
fourteen remaining boys and girls for the class were chosen from those 
individuals whose I.Q. rs were close to 100. The resulting group was 
composed of thirteen boys and eleven girls, and the average I.Q. was 
104.7. The students were selected by the investigator who, of course, 
knew none of them personally. It was decided that this group would be 
the nucleus of the participating group at the Plant Junior High School. 
The latter procedure for selection was similarly employed at the 
Talcott Junior High SchQol where fifty-nine students had elected General 
Science, and where two· classes were to be regularly organized. As it 
turned out a group of thirty pupils thus selected was composed of thir-
teen girls and seventeen boys, with the average I.Q. being 104.3. Data 
on sex and I.Q. for pupils in the tentatively selected classes are shown 
in Table 3. 
TABLE 3 
COMPOSITION OF TENTATIVELY SEL.EX::TED CLASS GROUPS 
AS TO SEX AND INTELLIGENCE QUOTIENTS 
School Class · Size and Sex . Mean 
Boys Girls I.Q. 
Plant 13 11 104.7 
Talcott 17 13 104.3 
To equalize the classes in both schools, the principals were asked 
to make final adjustments in the groups, so that each class would have a 
membership of twenty-eight students. Although equality in the size of 
the samples was desirable for the purpose of equalizing the experimental 
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teaching task, it was not deemed a necessity for statistical purposes. 
The principals agreed that if students, assigned to these classes left 
school, the classes would be made up to the desired membership level 
without altering their average Intelligence Quotients, or other charac-
teristics prescribed in the plans for the experiment. With the selec-
tion of the participating group at Talcott Junior High School, the pro-
longed process which led to the final selection of teachers, schools, 
and classes was completed. 
Description of Class Groups 
It was not until September 1954 that the class groups, as finally 
constituted, could be described. The description of the groups and 
individuals given blow is based upon the following data: (a) average 
Intelligence Quotient and Standard Deviation of the I.Q.•s for each of 
the groups, (b) the Intelligence Quotient, sex, and chronological age 
of each student, (c) the occupation of father, or mother, as a partial 
socio-economic index tor each student, (d) reading ability of each stu-
dent, (e) average of school marks in grades seven and eight for each 
student, (f) the average of marks in seventh and eighth-grade science 
for each student, and (g) raw-scores on two pre-tests. Descriptive data 
upon which the following summaries are based are shown in Tables 7 and 
8, and in Appendix 7. 
Number of pupils in each group. As was expected some of the pupile · 
originally selected for experimental purposes left school, and other 
students had to be scheduled for General Science dur.i.ng certat n periods 
with the result that the composition of the participating classes differed 
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in some respects from the groups tentatively set up the preceding Spring. 
Such changes will be revealed in the following paragraphs. At the begin-
ning of the experiment in September, however, one class enrolled 27 stu-
dents, and the other enrolled 28. 
Mean I.Q. and standard deviation. The mean I.Q. 1s of the partici-
pating groups, one at Plant Junior High School and the other at the 
Talcott Junior High, differed by 1.4, the means of the groups being 
106.9 and 105.5 respectively. The standard deviations differ b,y .4, 
being 11.9 and 11.5 at Plant and Talcott in that order. The Plant group 
ranged from 77 to 128, and the Talcott group ranged from 90 to 138. It 
was to be expected that scheduling problems would place limitations upon 
freedom of manipulation, and as it worked out the mean I.Q. of the Plant 
class could not be held down as much as originally planned because of 
administrative factors. 
Boy ar:d girl balance. Because more boys elect science at both 
participating schools, an even balance between boy-girl class enrollment 
was not feasible. At Plant the class membership consisted of 16 boys 
and 12 girls, and in the Talcott group there were 18 boys and 9 girls .. 
Data on mean Intelligence ~otients, standard deviations and range 
of I.Q.•s, class-size, boy-girl balance, and on mean chronological age 
at the start of the experiment are shown in Table 4. 
Chronological age. The age of each participating pupil was com-
puted to the nearest year and month using the date of birth and October 
1, 1954, as the reference points. The range in age in the Plant group 
was 2 years, 5 months, with an average age of 14 years, 6 months. The 
range in age at Talcott of 1 year and 11 months was a little less than 
Plant, but the average age was also 14 years, 6 months. 
School 
Group 
Plant 
Talcott 
TABLE 4 
COMPARISON OF PARTICIPATING CLASS GROUPS AS TO MEAN 
IN'l'ELLIGENCE QUOTIENTS, STANDARD DEVIATION AND RANGE OF 
I. Q. 'S, CLASS-SIZE, BOY-GIRL BALANCE, AND MEAN CHRONO-
LOGICAL AGE AT THE START OF THE EXPERIMENT 
Mean Standard I. Q. Class Size and Sex Mean Chronologi-
I. Q. Deviation Range Boys Girls cal Age In Years 
and Months 
106.9 11.9 77-128 16 12 14- 6 
105.4 11.5 90-138 18 9 14 - 6 
Difference 1.4 .4 
-----
0- 0 
Occupation of fathers of pupils. Using the top three categories, 
excluding farm managers, of the job classification system described 
earlier in this chapter in connection with the selection of participating 
schools, an indication of the socio-economic levels of the participating 
classes is revealed. The Plant school class has 11% of its membership 
representing job-group 1, 25% representing job-group 3, and 21% repre-
senting job-group 6, with the Talcott scho~l class having for the same 
groups the following percentages: 4%, 4%, and 46%. This comparison is 
shown in Table 5. 
Reading ability. Using official cumulative-record-card data the 
1953 Grade-score mean for the Iowa Basic Study Skills, For.m o, adminis-
tered in October when the participating pupils were in grade eight, was 
8.7 for the Plant group, am 8.5 for the Talcott group. This means, if 
the asSQffiption is made that in one year there was no relative change in 
the Grade-score standings of the pupils, that the Plant class was 7 months 
----- -- ----
TABLE 5 
COMPARISON OF PARTICIPATING CLASS GROUPS AS TO 
OCCUPATIONAL STATUS OF PUPILS' FATHERS 
School Per · Cent of Pupils' Fathers in u.s. C.ensus Job Categories 
Group Professional Managerial Craftsman 
Plant 11 25 21 
Talcot t 4 4 4iJ 
above normal, and the Talcott group was 5 months above normal in over-
all reading ability. Pupils in the Plant school group were recognized 
therefore as being somewhat more advanced in reading skills than the 
Talcott group pupils. 
Average of schoolmarks for grades seven and eight. To obtain an 
indication of the nature of the groups with respect to school marks a 
point system was used as follows: four, three, two, one, and zero 
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points for each mark from A to F (fail) respectively. All final school 
marks on the cumulative record card for grades seven and eight were 
averaged to the nearest whole point. Using these point-ratings the mean 
school achievement for the Plant and Talcott groups respectively was 
2. 5 and 2.7 for the two junior high school years preceding the experiment. 
Average of marks in seventh and eighth-grade science. With respect 
to achievement in seventh and eighth-grade science, a similar procedure 
was employed to obtain for each group its mean achievement in scienee. 
The average achievement in final science marks alone was the same for 
both schools, namely, 2.6 points. 
Data on mean grade-score in reading ability, and averages of 
school marks in grades seven and eight for all subjects and for 
science in particular are given in Table 6. 
TABlE 6 
COMPARISON OF PARTICIPATING CLASS GROUPS AS TO MEAN GRADE-
SCORE IN OVER-ALL READING ABIUTY, AVERAGE OF ALL SCHOOL MARKS AND 
AVERAGE OF MARKS IN SCIENCE ONLY DURING GRADES SEVEN AND EIGHT 
School Grade-Score Average of Average of 
Group Mean in All School Science Marks 
Reading Ability Marks Grades Grades 
7 - 8*- 7- 8* 
Plant 8.7 2.5 2.6 
Talcott 8.5 2.7 2.6 
Differences .2 .2 .o 
*The point systEm used for determining averages of marks was an arbi-
trary one . Four, three, two, one, and zero points were assigned for 
each final course mark of A, B, C, D, and F (fail) respective~. 
All data for this comparison are from official school records. 
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TABLE 7 
DESCRIPTIVE DATA FOR GROUP AT PLANT JUNIOR HIGH 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
C. A. Reading Average Average . u.s. 
Pupil on Test pt School ot Science Occupation pensu s 
Code Sex I.Q. Oct.l Grade- Marks Marks of Job 
Number 1954 Score ~ades .7-8 Grades 7-8 Father r.1ass 
p 1 G 105 13-11 s .. o 2 2 Telephone 6 
Repair 
p 2* G 107 14-8 9.9 . 3 2 Gage 7 
Inspector 
p 3 G 91 14-4 5.9 2 2 Machinist 6 
p 4 B 111 14-7 8.4 2 2 Printer 6 
p 5* B 103 14-S 8.4 3 2 Deceased 
p 6 B 128 14-S 11.1 3 3 Newspaper 6 
Printer 
p 7 B 119 13-11 10.3 2 3 Meat Buyer 3 
p 8 B 122 14-9 11.1 3 3 President 3 
of a Corp. 
p 9 B 118 14-6 9.5 3 3 Engineer 1 
p 10 G 123 14-1 10.5 3 4 Deceased 
Pll G 102 14-6 8.3 2 2 Sheriff 9 
p 12 B 99 14-1 (.2 2 3 Land 3 
Purchaser 
p 13 B 103 14-5 5.7 2 2 Salesman 7 
(N. Route) 
p 14 G 110 14-4 8.7 3 3 Dry Clean. 3 
Owner 
p 15* B 126 13-10 11.1 3 4 Ser. Sta. 3 
Owner 
p 16* B 115 14-9 11.1 3 4 Salesman 5 
p 17 B 99 14..0 7. 7 . 2 2 Steel 7 
Grinder 
p 18 G 116 13-10 8.3 2 2 Auditor 4 
p 19* B 77 14-10 6.4 2 1 Factory 7 
Assembly 
P20 B 109 14-3 7.5 3 3 Psycholo- 1 
gist 
P21 B 104 13-9 9.3 3 4 Deceased • 
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TABLE 7 (Continued) 
(1) .(2) (3) (4) (5} (6} (7} (8) (9) 
P22 B 107 13-9 10.4 2 3 Insur..Agen. 3 
Owner 
p 23 B 88 16-1 7.4 1 0 Checker 7 
p 24 G 112 13-8 10.3 2 2 Machinist 6 
p 25 G 86 14-10 5.8 2 .2 Machinist 6 
p 26 G 99 14-6 9.8 4 4 Sales Exec. 1 
(Fund Raiser) 
p 27 G 109 14-3 9.2 . 3 3 Insurance 5 
Agent 
p 28 G 104 13-11 7.2 3 2 Insurance 3 
Official 
Column (1): Each pupil in the participating group was assigned a number 
The letter "P" is used in connection with the number to identify the 
Plant Junior High School group. Column (3): Intelligence Quotients were 
taken from the o.fficial pupil CUDIUlative records maintained by the school. 
The I. Q. ts had been computed on the basis of the •otis Quick-scoring Test 
of Mental Ability" administered on October 1, 1953, to eighth-graders as a 
part of the schools' testing program. Column (4): The chronological age 
of each pupil was based upon the birthdates obtained from the eumnlative 
records. Column (5): The index of reading ability was taken from office 
records for each pupil based upon For.m 0 of the Iowa Basic Skills Test ad-
ministered in October, 1953, to eighth-graders. Columns (6) and (7): To 
obtain the indices of school achievement, final marks on the office record 
cards were converted to points by assigning four points for each A, three 
points for B, two points for C, one point for D, and zero for each failure. 
The average of the points accumulated was then computed. No adjustment was 
made for the number of periods the class met each week. Each average score 
was rounded off to the nearest whole point. Column (.8): Occupational data 
were also obtained from the official office record cards, and the writer · 
assigned the previously reported u. S. Census Job Classification numbers 
in Column (9). An asterisk (*) indicates a pupil whose test results, be-
cause of absence during the testing period at the close of the experiment, 
were excluded from one or more of the major statistical comparisons. Tab-
ulated test data for individual pupils in Appendix 7 will show which of 
the various comparisons were thus affected. 
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TABLE 8 
DESCRIPTIVE DATA FOR GROUP AT TALCOTT JUNIOR HIGH 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
C. A. Reading Average Average u.s. 
Pupil on Test of School of Science Occupation Census 
Code Sex I.Q. Oct .l Grade- Marks Mark3 of Job 
Number 1954 Score Grades 7-8 Grades 7-8 Fat her Class 
T 1 B 101 15-3 8.0 3 2 Toolmaker 6 
T 2 B 90 14-10 6.1 2 2 Clay Mold 6 
Maker 
T 3* B 102 15-4 8.0 2 2 Factory 7 
Worker 
T 4 B 125 14- 5 11.1 3 3 Insp 1tor 6 
Aircraft 
Ass em. 
T 5* B 90 15-6 5.9 2 1 Insurance 5 
Man 
T 6 G 97 15-3 8.7 2 2 Paper Hang- 6 
er and 
Painter 
T 7 G 105 14-7 7.3 3 3 Rate Setter 4 
T 8 G 94 15-4 7.8 3 3 Steel 7 
Grinder 
T 9* B 105 14-0 9.5 3 4 Insurance 5 
Agent 
T 10 B 113 14-8 11.8 4 4 Driving 3 
School 
Owner 
T 11 B 110 14-4 9.3 3 3 Carpenter 6 
T 12 G 101 14-2 8.2 2 2 Asst.Mgr. .3 
Bank 
T 13 G 107 14-5 9.7 3 3 Shipping 4 
Rm. Clerk 
T14 G 100 14-5 9.0 3 3 Machinist 6 
T 15 B 95 14-3 5.9 2 2 Toolmaker 6 
T 16 B 94 15-7 6.9 2 1 Machinist 6 
T 17* G 109 13-9 7.1 3 2 Bank 4 
Teller 
T 18 G 104 14- 4 8.0 3 2 Foundryman 6 
T 19 B 125 13-9 9.9 4 4 Landscaper 7 
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TABLE 8 (Continued) 
(1) (2) (3) (4) (5) (6) (7) . (8) 
_(91 
T20* B 97 14-9 6.7 2 1 Unoleum 7 
Layer 
T 21 B 120 14-3 10.2 3 4 Insurance 5 
Agent 
T22 G 118 14-S 9.2 3 3 Machinist 6 
T 23 B 106 13-9 9.0 2 3 Toolmaker 6 
T24 B 100 14-2 7.4 2 2 Tool & Die 6 
Maker 
T 25 B 93 13-8 7.5 3 2 Tool & Die 6 
Maker 
T 26 B 109 14-3 9.7 3 3 Dentist 1 
T 27 B 138 14-7 11.1 3 4 Machinist. 6 
Column (1): Each pupil in the participating group was assigned a number. 
The letter "T" is used in connection with the number to identify the 
Talcott Junior High School group. Column (3): Intelligence ~otients 
were taken from the official pupil cumu.lati ve · records maintained by the 
school. The I.Q. Is had been computed on the basis of the 11otis ~ck­
Scoring Test of Mental Ability" administered on October 1 1 1953, to 
eighth-graders as a part of the schools 1 testing program.. Column (4): 
The chronological age of each pupil was based upon the birthdates obtained 
from the cumulative records. Column (5): The index of reading ability 
was taken from office records for each pupil based upon Form 0 of the 
Iewa Basic Skills Test administered in October, 1953, to eighth-graders. 
Columns (6) and (7): To obtain the indices of school achievement, final 
marks on the office record cards were converted to points by · assigning 
four points for each A, three points tor B, two points for C, one point 
for D, and zero for each failure. The average of the points accUIIUlated 
was then computed. No adjustment was made for the number of periods 
the class met each week. Each average score was rounded. off to the near- . 
est whole point. Column (S): Occupational data were also obtained from . 
the official office record cards, and the writer assigned the U. S. Census 
Job Classification numbers in Column (9). An asterisk (*) indicates a 
pupil whose teat results, because of absence during the testing period 
at the close of the experiment, were excluded from one or more of the 
major statistical comparisons. Tabulated test data for individual pupils 
in Appendix 7 will show which of the various comparisons were thus affected. 
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Groups as samples of the same population. In the immediate~ pre-
ceding pages the writer sought to describe the participating pupils as 
well as their central tendencies as participating groups. Since the 
statistical techniques to be employed for ana1yzing test results depend 
upon the assumption of independent, small, random, samples, it is per-
tinent at this point to question whether or not the selected groups 
could be considered as samples of the same population. The evidence in 
this regard is largely in the affirmative. The comparability of the y 
groups was . studied by means of Snedecor 1s F test using the variances 
of raw scores on two pre-tests as well as the variances of the I.Q.•s 
of pupils in the two groups. These data are shown in Table 9. 
TABLE 9 
COMPARISON OF PLANT AND TALCOTT GROUPS ON 
THE BASIS OF VARIANCES OF I. Q. 1S AND OF SCORES 
ON TWO PRE-TESTS 
Acqui.si ti'on Variance Variance · Number of Pupils 
Pre-tests of Raw of Raw Plant Talcott 
and Scores Scores 
I. Q.•s (s2)2 (s2) 1 
Water 25.4 19.0 28 27 
Foods 38.2 21.5 28 27 
I. Q. 's 142.3 131.8 • 27 27 
F ~tio 
(S )2 
(s2)1 
1.30 
1.78 
1.08 
(S..G) • standard deviation . squared. Subscripts (2) and {1) indicate 
Plant school and Talcott school groups respectively. 
Since the value of F at the one per cent level of confidence for 
1J J. P. Guilford, Fundamental Statistics in Psychology and Education, 
p. 232. New York: . McGraw Hill Book Company, 1950. 
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27 and 26 degrees of freedom is approximately 2.38, the F ratios 
shown in Table 9 are so small that the null hypothesis of no difference 
bet ween the variances is accepted. Thus, so far as variability of pre-
test scores on two tests, and variability of Intelligence Quotients are 
concerned, the samples could well have been drawn from the same popula-
tion. 
The chi-square test was employed also to study the difference 
between the groups in boy-girl membership as reported in Table 4, and 
to study the difference in occupational status of fathers of pupils 
reported in Table 5. In the latter case the percentages were converted 
to the actual number of individuals in each category before carrying out 
the computations. So far as the difference in boy-girl membership is 
concerned, the sample chi-square value was • 53. Since for one degree y · 
of freedom and for P( .01) the chi-square value is 6.64, the hypothesis 
of no difference is accepted. However, when the difference between 
occupational status of the fathers of papils in the two groups was 
analyzed, the hypothesis was rejected, since the sample chi-square was 
37, and for 2 degrees of freedom at P(.Ol) the chi-square value was v . 
9.21. The writer concluded therefore that the groups were significantly 
different so far as occupations of pupils' fathers was concerned. In 
view of the results of the other comparisons, the writer believes that 
the groups met the requirements satisfactorily enough for this experi-
ment, especial~ in view of the administrative restrictions which had to 
!/ ill2_., P• 613. 
y John Gray Peatman, Descriptive and Sampling Statistics, p. 429. New 
York: Harper and Brothers Publishers, 194 7. 
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be dealt with in setting up regular~ organized school groups. 
Equating Instructional Time 
To make valid comparisons between the instructional effect upon 
experimental and control groups, it was necessary to keep instructional 
time constant for both groups. This meant that the same number of 
class period~ had to be devoted to teaching the same unit regardless 
of the method employed. This did not mean, however, that instructional 
time devoted strict~ to subject matter of the unit was equal under 
both methods, since under the film-production method (a) students were 
involved in after-school activity shooting scenes for the films, (b) 
students spent a part of the time in class discussing important film-
making decisions not involving subject matter of the unit, and (c) some 
students received instruction after school in camera operation. 
Two main approaches to the problem of equating instructional time 
were considered. The first of these was to consider class periods only 
as instructional time, not counting pupil hours spent on assigned work 
outside of school under either method. If such a plan were adopted, the 
film-production method would of necessity provide less time for the 
actual stuqy of the unit subject-matter than the film-presentation method 
during the given time-allotment. The other approach was to consider only 
the time actually spent on subject-matter as important for purposes of 
comparison. If this plan were adopted, the film-production method, for 
the reasons stated in the preceding paragraph, would have to be alloted 
more class-periods of time than the film-presentation method for a given 
unit of work. The first approach would tend to favor the film-presentation 
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method, and the second approach would favor the !!~production method. 
Since the experiment was being conducted to find out if the film-
production method was an effective method of teaching, it was decided 
that this method ought to prove its worth not only in terms of results, 
but in terms of comparable time. However, if pupils were required to 
spend a number of hours after school on film-making procedures, more 
time would be devoted under one method than the other, thus giving to 
this method an advantage in learning potential which should be, in all 
fairness, equalized. The writer therefore . developed a compromise plan 
for equating instructional time with the advantage going to the control 
group. 
Plan of Action for Equating Instructional Time for Both Teaching Methods 
Film-Production Method Film-Presentation Method 
Same number of class periods 
for each method 
Teacher will keep a log of pupil Teacher will match number of 
hours spent on assigned work out- extra-class pupil-hours by 
side of regular class periods. assigning pupils on a voluntary 
The investigator will co-ordinate basis, to classwork jobs such as 
the equating of extra-class pupil- projectionist, or to small group 
hours by the control group teachers. field trips and interviews, or to 
other out-of-class related work 
as needed, keeping a log of this 
activity. 
Out of class pupil-hours must be equal. Unassigned, voluntary 
homework under either method is not to be logged, or counted 
in the equating, and accounting process. 
Instructional time therefore was treated as consisting of two 
phases, namely, in- class, and extra-class time. In-class time was 
matched according to class periods, and extra-class time was matched 
on the basis of pupil-hours. Both groups spent thirty class-periods 
of time under each of the two teaching methods. In producing the 
"Stream of Ufe" film .fifty-six pupil-hours of extra-class time were 
used up, and the completion of the film, "Good Health Through Good 
Diet, 11 required sixty-six pupil-hours of after-school time. These 
extra pupil-hours were matched by the pupils in the control groups, and 
details of the matching activities &re included in Chapter 4 as evi-
dence that prescribed teaching plans were followed. 
Proof that Teachers and Students FOllowed 
Prescribed Plans 
Although the teachers who had committed themselves to participa-
tion had agreed to follow prescribed procedures, the investigator 
brought up the problem of obtaining information as proof of this action. 
The investigator had formulated the following plan to obtain information : 
1. Get teachers to agree to keep and submit a Log of Activities 
for each class period, personally signed by the teacher con-
cerned. 
2. Arrange to have the school principal make several unannounced 
visits to the class to record in the form of a brief written 
statement his observations of class activities. Such state-
ments are to be signed and turned over to the investigator. 
3. Arrange to have the Audio-Visual Director and audio-visual 
building coordinator submit a signed report giving dates on 
which projection equipment was used in the experimental classes. 
4. Confer with participating teachers frequently in person as well· 
as by 'phone to obtain evidence that they are following pre-
scribed teaching plans. 
5. Obtain a cop,y of the shooting script, the sound script, a cop,y 
of the class-organization sheet, and provide selected, enlarged 
still pictures from the produced film. 
Since each teacher was the Audio-Visual Coordinator for his building, 
item .3 above was deemed to be unnecessary, especially since the daily 
Log of Activities would give this information. With this one exception, 
the plan as set forth was agreed upon by both teachers. 
Insofar as could be inferred from all available evidence, the exper-
iment was carried out as prescribed. Pictorial and sound scripts for the 
pupil-teacher made films, and copies of other evidence required or the 
participating teachers are to be found in Appendix 6. Additional informa-
tion in this connection is to be found in the summaries of activities 
recorded on the teacher-signed daily log-sheets. These are a part of 
Chapter 4. 
Selection of General Science Subject-Matter 
In the early planning stage of this experiment, the investigator' had 
to select two broad topics from those which usually form the basis of 
General Science courses. This selection had to be made far in advance 
of the date of the experiment since detailed teaching plans had to be 
formulated, and special tests constructed to measure learning outcomes. 
While the writer believes that any of the General Science units could be 
taught by organizing the learning activities around the planning and 
making or a motion picture by teacher and pupils, the topics of Water 
and Foods were chosen. 
For the purposes of this experiment it was necessar.y to choose 
two topics to which an equal amount of instructional time could be 
devoted, specifically in this case about six weeks, or thirty class 
periods. It is obvious that a broad topic such as Conservation could 
not be matched effectively with a less broad topic such as Light. In 
this respect, the writer's experience as a science teacher led him to 
believe that the topics of water and Foods possessed the desirable, 
equivalent, adaptable scope. Furthermore, each of these units seemed 
to provide equal opportunities for the study of community as well as 
personal relationships, (e.g., personal reactions to water supply and 
use of water, selection of foods and food supply; as well as community 
action to supplY wholesome water, and organizations within the community 
to grow, obtain and supply foods). Each unit also offered latitude in 
the choice of film-production topics, and, what is equally important, a 
wide choice of commercially produced films for use under the film-
presentation methods. 
The ways in which these particular topics were organized into units, 
and how each teaching method was developed are the subjects of Chapter 4, 
and the complete Teacher's Manual just as it was presented to each 
teacher is to be found in Appendix 1. 
It occurred to the investigator sometime after the topic of Foods 
had been chosen that ninth-grade girls studied both sewing and cooking 
in their Home Economics course. It became necessary, therefore, to make 
sure that all ninth-grade girls participating in the experiment would be 
assigned to cooking classes duri ng the second half of the year to pre-
vent the girls from getting foods instruction in two places while the 
experiment was going on. This problem was handled in a manner described 
earlier in this chapter under agreements made by the school principals. 
Choice of Teaching Objectives for Measurement 
Many different kinds of objectives have been formulated for science 
teaching. Some of the more common of these are: to acquire infonna.tion 
and general principles, develop the ability to apply information and 
principles to new situations, develop ability to draw inferences from 
facts presented, develop attitudes of scientific curiosity, willingness 
to suspend judgment, and desire to seek out the facts, develop study 
skills, develop ability to work together as well as independently, develop 
a belief in cause and effect relationships, develop a sense of values 
for humanity, and develop individual initiative and leadership. The 
decision regarding the choice of the first two of these objectives men-
tioned above as a valid basis for comparing the effects of teaching 
methods was made first on the groupds that they were basic to most, if 
not all, of the others. The decision was also influenced by the fact 
that those who criticize the departure from the more traditional teach-
ing methods often do so on the grounds that 11pupils don •t get the facts". 
Also, the decision to explore the effect of the two methods upon reten-
tion, coupled with the fact that ready-made tests suitable for the de-
sired comparisons were unavailable, influenced the writer in placing 
limitations upon the test construction task. 
How measuring instruments were constructed is the subject of Chap-
ter 5. 
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The Experiment to Obtain the Practice-Effect Estimate 
Si nce each of the four tests was to be administered as a pre-test 
and then again as a criterion test, the decision was made to conduct 
an independent study concurrently with the main experiment to determine 
the practice-effect of one repetition of the same test without instruc-
tion in the subject-matter of the test. Four schools were selected 
where either all students enrolled in ninth-grade General Science or 
at least two such classes could participate in taking one of the four 
tests as a pre-test and again as a final test six weeks later without 
having received instruction in the subject-matter covered by the test. 
Complete directions for administering the tests two times with an 
intervening period of six weeks were supplied, and a letter listing 
the prescribed procedures for carrying on the experiment was sent to 
the four cooperating teachers. The tests were delivered to the teachers 
in person, and picked up by the investigator the day after their admin-
istration. They were then hand scored under his supervision. To pre-
vent the comparisons between pre-test and final-test scores from being 
influenced by unusual circumstances, each test paper had to meet the 
following criteria for acceptance: 
1. Papers must be marked in accordance with directions . 
2. Each test paper must be complete with no pages missing. 
3. Each page of the test must reveal proof that it had not been 
overlooked by the student. (A visible response to any one 
item on a given page constituted that proof.) 
4. , After both administrations of the test, each test must be 
one of a set of tests, for a given student, made up of pre-
test and final test. 
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The results of this experiment are set forth in Tables 10 and 11. A 
cop,y of the explanator,y letter to the cooperating teachers, the direc-
tions for administering the tests, and the tabulated scores of pupils 
on the four tests are to be found in Appendix 8. 
Test 
WATER: 
Acquisition 
WATER: 
Application 
FOODS; 
Acquisition 
FOODS: 
APPlication 
TABLE 10 
THE EFFECT OF ONE REPETITION OF THE SAME TEST 
UPON THE M&AN ACHIEVEMENT SCORES ON 
FOUR GENERAL SCIENCE TESTS 
Mean of Maxi- Difference 
Total Pairs of Mean of Final mum in Means 
No. of Accepted Pre-test Test Raw of 
Pupils Tests Scores -scores Score Scores 
114 97 16.6 17.6 45 +1.0 . 
67 50 5.8 6.1 14 + .T 
134 lll 17.7 18.2 48 + .5 
75 51 6.2 6.7 14 + .5 
Locale 
and 
Teacher 
Norwich-
Mr.Ledou.x 
North Haven 
Mr.Gent ile 
Willimantic 
Mr.Iberti 
Stafford 
Springs 
Mrs.Scussel 
The increases in group-achievement means, as shown in Table 10, were 
assumed to be the result of practice since no instruction was given in 
the subject matter of the test during the six weeks intervening between 
the pre-test and final test. Each of the four differences between the 
pre-test and final test means was 1n the direction expected if a practice-
effect were present, however, only one of the differences, namely, that 
of a gain of one point in the mean of the final test scores is signifi~ant. 
In other words, practice-effect differences as small as those reported in 
TABLE 11 
STANDARD ERRORS AND SIGNIFICANCE RATIOS FOR THE DIFFERENCES BETWEEN 
MEANS SHOWN IN TABLE 10 OBTAINED AS A RESULT OF AIMrNISTERING 
FOUR GE:NERAL SCIENCE TESTS A SECOND TDIE FOR THE PURPOSE 
OF DETERMINING THE PRACTICE EFFECT 
Test Oj_ a-2 (j'\ ~2 rl2 on D D.F. 
-on (N-1) 
WATER: 4.49 4.54 .46 .46 .89 .22 4.6 96 
Acquisition 
WATER: 2.53 2.58 .36 .37 .65 .30 1.0 49 
Application 
FOODS: 4.73 4.65 .45 .19 .69 .35 1.4 110 
Acquisition 
FOODS: 1.90 2.68 .27 .38 .54 .)2 1.7 50 
Application 
Oi • standard deviation of the pre-test scores; 02 = standard deviation of 
final-test scores; OM1 = standard error of pre-test mean; OM2 = standard 
error of final-test mean; on = standard error of the difference between 
two means. on =~1 + ~2 _ 2r12 OM1 CIM2 ;~ = significance ratio ob-tained when . · D the difference between 
pre-test and final-test means was divided by the standard error of the 
difference; rt2 is the product-moment correlation coefficient between pre-
test and fin&I.test scores; and D.F. = degrees of freedom, in this case 
equal to N-1. 
. Ta.ble 10 for three of the tests !Jght have been due to. chance factors • . · 
According to the table of t for tests of significance, the probabil-
ities are only one in 1000 that a t value equal t o or greater than 3.46 
for 60 degrees of freedom will result by chance. Thus it can be seen in 
Table 11 that the significance ratio of 4.6 for the Water: Acquisition 
test indicates that the gain in achievement on that test of one point 
!/ Based upon Statistical Tables for Biolo ical ricultural and Medical 
Research by Professor R. A. Fisher and F. Yates, Published at 13 by 
Oliver and Boyd Ltd., Edinburgh, a.s reprinted in E. F. Undquist, A First 
Course in Statistics 1 page 240. New York: Houghton Mifflin Co., 1942. 
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from pre-test to final test is highly significant. The remaining t 
values in that table of 1.0, 1.4, and 1.7 indicate gains from pre-test 
to final test that are not large enough to be statistically significant. 
The writer concludes therefore that the water: Acquisition test appears 
to be more susceptible than the other three to the effect of practice, 
and that on the second administration of that test, even without instruc-
tion in its subject-matter, ninth-grade general science pupils would be 
likely to improve their scores by a significant amount. 
SUbsequent compensation for practice-effects when carr.ying out 
statistical comparisons in this experiment was unnecessar,y. A glance at 
Table 1 will show that practice on the tests would have no effect on the 
experimental issues since it would presumably have the same effect on 
the test results regardless of the teaching ~ethod employed. 
Assistance Given to Teachers 
The cooperating teachers met again with the investigator on April 
30, at which time, with the help of Mr. Richard w. Morton, Audio-Visual 
Education Director for the West Hartford Schools, instruction was given 
in the operation of the Bolex IU6 motion picture camera, owned by the 
School Department. A 100-foot roll of film was supplied by the investi-
gator to each teacher for camera operation purposes. Also at this time 
a copy of the completed Teacher's Manual, together with copies of the 
mimeographed material for use with experimental and control groups, were 
loaned to the teacher for perusal. On May 17, another meeting was held 
to discuss details relative to the start of the experiment. Several ad-
ditional meetings were held early in September to discuss pupil-planning 
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procedures and the implementation of the teaching plans. Teachers 
studied their manuals and other references, particularly the references 
dealing with motion picture production, during the 1954 summer-vacation 
period. 
Throughout the experiment the investigator made himself conveniently 
accessible by telephone and personal visit for the purpose of checking 
progress, assisting with problems, answering questions, or for interpret-
ing statements in the Manual relative to prescribed procedures. Records 
kept by the writer show that 61 personal conferences _and 22 telephone 
conversations were held with the two cooperating teachers during the 
twelve-week instructional period. The writer expedited the processing 
and return of exposed film footage by personally handling all arrangements 
for film processing with the processing laboratory. Exposed footage was 
picked up, delivered to the processor and returned to the film-producing 
teachers the same day. 
Other Variables to be Controlled 
In addition to the vital steps taken to control teaching techniques 
and materials for experimental and control groups, procedures were pre-
scribed in order to control other variables as follows: (1) administra-
tion of tests, (2) film-production standards, (3) amount of homework, 
(4) type of instruction preceding and following the twelve-week experi-
mental period, (5) amount of not-ebook J«>rk, (6) amount of projection of 
films made by experimental groups, (7) amount and type of information 
required about class activities, ( 8) amount of knowledge about retention 
tests given students, (9) interference of teachers' marks on progress of 
the experiment, (10) amount and type of knowledge of the experiment given 
students, and (11) amount of pupil absence. While these and other vital 
aspects of the e:xperiment are discussed fully in Chapter 4, or in the 
Teacher's Manual, a copy of which is to be found in Appendix 1, a brief 
summar.y of the action required of teachers is given below. 
Administration of tests. Teachers were required to follow mimeo-
graphed direction sheets prepared for each of the four tests. These are 
to be found with final fonns of the tests in the Teacher 1 s Manual. Teach-
ers were also required to emphasize the word achievement score instead of 
gains from one test to the other, and were told to refrain from teaching 
responses to test items, and to refrain from giving tests other than those 
provided by the investigator. 
Film-production standards. Seven criteria were set up for the two 
films to be made by teachers and pupils, one in each of the experimental 
groups, and teachers were cautioned to guide students toward the inclu-
sion of only significant material in making up the film content. The 
seven criteria for pupil-teacher-made films are listed on page 92 of the 
Teacher's Manual in Appendix 1. 
Homework. Teachers were told to refrain from assigning homework, 
other than the out-of-class work given to equalize pupil-hours of extra-
class activity under the film-production method. Unassigned, voluntar,y 
work was to be permitted. 
Instruction preceding and following the experiment. Teachers agreed 
to the investigator's request to teach the specific units prescribed, 
and to refrain from teaching concepts involving the subject-matter of 
the topics Water and Foods prior to and following the experiment until 
after the retention tests had been administered. 
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Notebook work. A record of answers to problems were to be made 
by students, but detailed written reports for every item were not ad-
vised. Teachers were required to instruct pupils to take notes during 
oral reports. Whenever written work of students was required, it was 
to be graded by the teacher, but such grades were not to be incorporated 
in the experimental data collected. 
Projection of puPil-teacher-made films. Under no circumstances 
were the films made ~ teacher and pupils to be projected in assemb~ 
programs or in classroom situations until the retention tests had been 
administered. 
Recording daily activities. A special for.m for recording the log 
of activities was prepared for teachers. 
Retention tests. Retention tests were not to be mentioned to class 
groups prior to time for their administration. 
Teacher's marks. The marking process was not to interfere in ~ 
way with the teaching procedures prescribed for the experiment. 
Withholding knowledge of the experiment. Students were not to be 
told about the experiment. They were to believe, if they became sus-
picious, that it was a casual experiment planned ~ their own teachers. 
Pupil absence. Except as absences of pupils resulted in missing 
tests at the close of the experiment, they were not taken into account. 
Every case of pupil absence, kowever, was recorded on the teacher-signed, 
daily log-sheets. Such absences were checked against the official office 
records by the writer. During the study of the Water Unit which started 
!I September 20, 1954, the Plant school group had 33 pupil-periods of 
!7 A pupil-period refers to one pupil absent for one period. 
. I 
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absence, and the Talcott group had 56, while for the next six weeks 
when the Foods Unit was studied, the Plant group once again had 33 
pupil-periods of absence and the Talcott group pupil-periods of ab-
sence totalled 71. All in all, during the film-production phase of the 
experiment pupil-periods of absence numbered 89, and under the film-
presentation method pupil-periods of absences totalled 104. It would 
seem t hat some small advantage might have accrued to the film-production 
method as far as the variable of pupil absence was concerned. 
Unexpected Changes in General Conditions 
The experiment was conducted as planned, except for t he unexpected 
changes in conditions which were beyond the control of the investigator. 
One of these, the change in length of class periods at the Talcott 
school, is explained in Chapter 4 when discussing the amount of time 
spent in regular class periods. Another unexpected change in conditions 
was t he delay in completing the installation of the demonstration and 
laborator,y tables in the general science room at the Talcott school. 
Since acceptable subst itute furniture and all other necessary equipment 
and supplies for the specified demonstrations and class activities were 
available, since the work proceeded without interruption, inconvenience, 
or curtailment, and since both methods as employed for the Talcott school 
group were affected similarly, this change did not interfere with the 
progress or outcomes of the experiment in any way. 
The next chapter discusses the basic plans for teaching the Exper-
imental and Control Groups, and shows how the variable of subject-
matter was held constant under both methods. 
--------
l 
CHAPI'ER 4 
INSTRUCTIONAL METHODS AND MATERIAlS 
From the first day to the last the classroom activities of both 
control and experimental groups were carried out in accordance with 
careful~ developed, detailed, teaching plans. The comprehensive teach-
ing manual, a copy of which is to be found in Appendix 1, was the instru-
ment by means of which prescribed activities, procedures, and agreed upon 
policies were explained. Although the manual was prepared some eight 
months in advance of the starting date of the experiment, both teachers, 
prior to their final selection, had the opportunity to peruse its con-
tents, and agree to its use. Furthermore, both teachers were given 
copies of the manual to study during the sUDilller vacation period immed-
iately preceding the start of the experiment. 
None of the basic teaching activities was left to chance or capricee 
Classroom libraries, films, film-guides, mimeographed study and activity 
guides, special reference sheets, and all needed equipment, that is 
other than that which was supplied through regular school supply channels, 
were prepared for and delivered to the teachers. Yet it should be noted 
that despite the guidance given for class organization, in the form of 
special reference sheets, and general study and activity guides, it was 
up to the teachers to lead students in organizing a complex activity, to 
- - . 
direct their dail7 activities, and give guidance as needed. The importance 
of the leadership roles played by the teachers is in no w~ minimized by 
the efforts of the investigator to control them throughout the experiment. 
Two audio-visual teaching methods. The fundamental problem in this 
experiment was to construct teaching plans that would pit the film-
production method against the film-presentation method while other vital 
aspects of the teaching-learning situation were under control as rigidly 
as a regular school situation would permit. According to the rotation 
plan, each teacher used each method in turn in stuqying the following 
General Science topics: Understanding and Controlling Water for Man's 
Needs, and Understanding and Using Foods Wisely. 
Unit organization. The general method employed for teaching the 
units involved in the experiment was the Unit Method as taught by 
!I 
Dr. Roy 0. Billett of Boston University. Within the framework of his 
unit structure, the investigator developed ways of incorporating both 
film-presentation and film-production activities while keeping teaching 
objectives, subject matter areas, and other than the unique control and 
experimental-group film activities constant. Actual~, the two topics 
I . 
were organized into the following four teaching units, some parts of 
which were identical and other parts of which were different as demanded 
by the nature of the experiment: 
I Water Unit incorporating the film-presentation method. 
II water Unit incorporating the film-production method. 
III Foods Unit incorporating the film-presentation method. 
IV Foods Unit incorporating the film-production method. 
At the toss of a coin prior to the start of the expertment, units I and 
IV fell to Mr. Garrett, and units II and III to Mr. Hitchcock. In line 
!7 Roy 0. Billett, Fundamentals of Secondary School Teaching, with E)nphasis 
on the Unit Method. Boston: Houghton Mifflin Company, 1940. 
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with Billett's definitions and recommended structure, the writer includ-
ed in each unit the following important features: 
I The Unit of Learning. This section of each unit was prepared 
for teachers' use only. The written material consisted of the 
following four parts: 
A. General Statement of the Unit. This, as implied, was a 
brief statement of the teacher's goal in declarative 
sentences. 
B. Itemized Statement, or Delimitation of the Unit. In this 
part, the writer stated in detail the concepts which con-
stituted the components of the general statEment. The 
various items in each delimitation were also .stated as 
declarative sentences, and in language that the pupils 
would be expected to use after engaging in t he experiences 
in the unit assignment. 
c. Probable Indirect, and Incidental Learning Products. To y 
use Billett's own words, in stating incidental learning 
products, the teacher has to be concerned with "fortuitous 
or adventitious learning like~ to take place even though 
it is not the direct object of instruction. " And in stat-
ing indirect learning products, "the teacher has to .... 
name certain ideals, or attitudes, or appreciations to 
which the increments of meaning, insight, or skill which 
are the unit and its delimitation may contribute." The 
writer grouped such teaching objectives under one heading 
1/ ~., PP• 504-509. 
y Ibid.' p. 506 . 
67 
to avoid whatever confusion might arise due to unfamiliar-
ity on the part of participating teachers with this partic-
ular terminology. 
D. References for the Teacher. Books were listed in this sec-
tion that were of unique value for teachers conducting this 
particular experiment. 
II The Unit Assignment. This section of each unit was designed 
for use by both teacher and pupils, and was the investigator's 
statement of problem-solving activities incorporating, and 
bringing under control, the film-presentation and film-production 
experiences for the control and experimental groups respectively. 
The written material for each unit assignment consisted of the 
following five parts: 
A. Introducto;r Activities. These activities were conducted 
by the teacher and were prescribed in detailed day-to-day 
plans. The administration of pre-tests, was of necessity 
a part of such plans and activities. The introductory 
activities for control and experimental groups varied accord-
ing to the demands of each audio-visual method. 
B. Study and Activity Guide. All StuQy and Activity Guides were 
supplied in mimeographed form in quantity for distribution 
to students as needed. The General Study and Activity Guide 
prepared for both control and experimental groups was the 
investigator's statement of planned problem-solving exper-
iences constituting fixed limits for student learning 
activity, but which were designed to develop in the student 
the learning products carefully stated in the delimitation. 
The problem situations, learning tasks, and demonstrations, 
and hence subject-matter limits, were the same for both control 
and experimental groups with the exception of film-presentation 
activities for the former and film-production activities for 
the latter. Several Special Stucty and Activity Guides were also 
prepared for students as the means for controlling the classroom 
activities of both teachers and pupils. Such Special Stugy and 
Activity Guides included a Film Guide for each motion picture 
presented after the introductory activities, a Special Stugy and 
Activity Guide for Film-Production Methods and Job Outline, and 
a special reference for students entitled, Some Facts and Sug-
gestions About Film Production. 
c. Optional Related Activities. A set of special activities for 
each of the two main topics was supplied on typed 5• x 8" cards. 
These cards were kept on the teacher's desk for reference by 
students who desired to engage voluntarily in the activities 
described. Such activities were referred to as Special Activities 
in the General Study and Activity Guide. 
D. References for Students. This reference list was made up of 
Basic and Supplementary references, and was a part of the General 
Study and Activity Guide. The references so listed, other than 
the regularly used textbook, were supplied to each participating 
class group by the investigator as a classroom library. Several 
copies of each o! the Basic references were made available, and 
each of the items in the General Stugy and Activity Guide was 
complete with page references to one or more of the Basic 
references. Altogether, including ten copies of the reg-
ularly used General Science textbook, there were forty-
two volumes in each of the identical classroom libraries. 
E. Evaluative Activities. In preparing instructional units 
for experimental purposes the writer constructed only those 
tests which would measure the objectives specified in the 
experimental design. Such tests, however, were the only 
tests administered during the experiment. Teachers were 
not prevented, of course, from using judgments of behavior 
in the regular marking procedures. Copies of the tests 
with complete directions for their use were made a part of 
the Teacher's Manual. 
!I . The learning cycle. As recommended by Billett a teaching-learning 
cycle of four phases was basic to the operational aspect of the units 
constructed and taught. These phases were: (1) introductory phase, 
(2) laboratory phase, (3) pooling and sharing phase, and (4) estimating-
educative-growth phase. In the use of t .he units constructed, the teacher 
conducted the specific introductory activities, then entered the labor-
atory phase by beginning work on the General and Special Study and 
Activity Guides. The pooling and sharing phase, and the laboratory phase 
in this experiment overlapped each other somewhat more than might usually 
be the case since no specified block of time was set aside for the pool-
ing and sharing period. The film-production groups of necessity had less 
time to devote to subject-matter problems in the Guide since members of 
y Ibid.' p. 599. 
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these groups had to deal with film-production problems as well. This 
meant t hat pooling and sharing of on-the-spot decisione had to go on 
daily. The estimating-of-pupil-growth phase of the cycle was entered 
whenever t he teacher evaluated pupil work, and of course this work went 
on from the first day of each unit to the administration of the unit 
achievement tests . 
Fi t t i ng the film-presentation and film-production methods into the 
unit s t ructure. The crucial methods of putting films to work in the 
classroom needed to be compared under carefully controlled conditions. 
One of the most important of all variables that had to be subjected t o 
ma.x:i.mu.m control in this experiment waB the range of subject-mat ter cover ed 
by the students. Therefore, in setting up the teaching plans, the subject-
mat ter had to be held constant irrespective of the specific teaching 
method being employed. This was accomplished by constructing a set of 
fundamental problems for each unit-assignment which would be worked on 
by both control and experimental groups. The control groups would use 
films as well as verbal sources for solving those problems, and the ex-
perimental groups would do the problems for the purpose or mastering 
subject -matter in order to plan and produce a motion picture. In modify-
ing the control-group General Study and Activity Guide for experimental 
groups, the film-showing items were deleted and in their places were sub-
stituted the main problems from the film-guides . Thus the experimental, 
film-producing groups saw no films except of course the footage which 
their own camera crews shot, yet they worked on the same subject-matter 
problems as the control groups . Perusal of the General Activity and 
Study Guide used by film-producing classes will reveal one other differ-
ence from the guide used by control groups. The title page of the guide 
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used by the experimental group helped to establish the film-production 
activity, and raised and assisted in answering specific questions re-
garding class organization and group processes. 
Teacher•s Manual. Readers have been referred again and again to 
the Teacher's Manual which is to be found in Appendix 1. Once more, 
however, it is pointed out that the Teacher's Manual shows the step-by-
step development of the teaching units as they were written by the in-
vestigator together with the necessar,y explanations. Also, it should 
be noted that copies of the mimeographed material prepared for distri-
bution to students are to be found in Appendix 2. The reader should 
note further, that as various aspects of the two teaching methods are 
discussed in the following paragraphs, the appendices mentioned above 
will provide the materials actually written for teachers, students, or 
for both. 
Film-Presentation Method 
(Control Group) 
Restriction of activities. In line with the decision to keep learn-
ing experiences constant for control and experimental groups except for 
the experimental issues, it was necessary to restrict the nature of the 
experiences for achieving the teaching objectives formulated. I t was 
decided, therefore, to permit no other assigned learning activities exeept 
those listed in the General Study and Activity Guide. Thus, no other 
motion pictures, filmstrips, slides, or pupil production were permitted. 
Also not permitted were such teacher activities as assigning homework, 
and administering written or objective tests other than those supplied 
by. the investigator during the experimental period. It is understandable 
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that if the teachers gave additional tests, they might make use of the 
test items, or problems in forms similar to those in the experimental 
tests and thus introduce spurious influences. Assigned homework, ex-
cept as specified under the plan for equalizing extra-class pupil-hours, 
was not permitted because it would be difficult and impractical to keep 
constant for both teaching methods. It is also obvious that the use of 
other materials such as filmstrips, slides, or student-teacher produc-
tion of radio programs would defeat the purposes of comparison between 
experimental issues. For the same reason it would be unfair to encour-
age work by students of one group on problems other than those listed 
in t he Study and Activity Guides unless students in the other group were 
to be given equivalent opportunities. This source of complication was 
therefore avoided by taking away learner freedom to suggest new problems. 
It was recognized that such restriction of student freedom is not an 
!I 
attribute of the unit method as advocated by Billett, however, the 
investigator deemed it a necessity for adequate control of experimental 
variables. 
Selection of films, and the preparation of film-guides. MOtion pic-
tures for both of the main topics were selected with reference to their 
relationship to specific problems in the General Study and Activity Guide . 
Films were carefully examined and analyzed by the investigator, and were 
accepted, or rejected in terms of suitability for ninth-grade students, 
and in terms of appropriate content for assisting students to solve prob-
lems. It was recognized that films in these cases would assist students 
in one or more of the following ways: (1) present information, (2) pro-
vide vicarious experience, (3) stimulate thought processes, (4) answer or 
jJ Ibid., p. 506. 
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raise questions, and (5) assist students in summarizing information. 
Film-guides for the films selected were prepared b,y the investigator 
and mimeographed for distribution to students. Each Guide was the same 
in format, stating clearly the main problem or problems as the reason 
for the film-showing, giving basic points toward which attention should 
be given by the student in looking at the film, and listing the ques-
tiona to be raised by the teacher and answered by the students in prepa-
ration for solving the problem, or carrying out the stated task. A 
film guide was not written for the film, Man's Problem (19 min. - 16 sd -
color - EBFilms - 1953) since this film was used in accord with pre-
scribed, detailed plans for introductory activities in the water Unit. 
A listing of the motion pictures in order of their appearance in the 
teaching plans follows. 
Water-Unit films. The following films were used b,y the teacher in 
the control group studying the water Unit: 
1. MAN'S PROBLEM (19 min.-16 sd.-color-EBFilms-1953 production) 
2. NATURE'S PLAN (15 min.-16 sd.-co1or-EBFilms-1953 production) 
3. CITY WATER SUPPLY (11 min.-16 sd.-EBFilms-1941 production) 
4. VALLEY OF THE HOUSATONIC (22 min. -16 sd.-color-Conn. Light 
and Power Co.-1948 production), and WATER POWER (15 min.-16 si.-
EBFilms-1928 production-selected sequences only.) 
5. WATER FOR DRY LAND (20 min • ..:l6 sd.-UWFilms-1950 production) 
6. THE RIVER (31 min.-16 sd.-USDA-1937 production) 
7. WATER - FRIEND OR ENEMY (10 min. -16 sd. -color-QIAA-1943 production) 
Foods-Unit films. The following films were used by the teacher in 
the control group studying the Foods Unit: 
1. FUNDAMENTAlS OF DIET (10 min.-16 sd.-EBFilms-1943 production) 
2. FOODS AND NUTRITION (10 min.-16 sd.-EBFilms-1940 production) 
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3. DIGESTION OF FOODS (10 min.-16 sd.-EBFilms-193S production) 
4. UNDERSTANDING VITAMINS (14 min.-16 sd.-color-EBFilms-1952 pro-
duction) 
5. FOOD - WEAPON IN WAR AND PEACE (12 min.-16 sd.-YAFilms-1949 
production) 
6. OBESITY - PROBLEMS OF FAT FORMATION AND OVERWEIGHT (12 min.-
16 sd.-color-1952 production) 
All film-guides were used by teachers and students in accordance with 
prescribed procedures set forth in the Teacher's Manual. 
Eguipnent for control and experimental groups. For the control 
group during each 6-week period the investigator supplied one motion 
picture projector, and one print of each film that remained in the 
classroom for the entire working period. For the experimental group, 
the following equipment was supplied: one Bolex 16 mm.. motion picture 
camera with three lenses; two Bardwell-McAllister, 750 watt lights on 
stands; one camera-tripod, one film viewer and editor; several muffin-
tins for sorting and filing film sequences during the editing process, 
and a supply of reversal-type film on one-hundred-foot spools. A 
Weston Cine exposure meter was furnished locally, along with an addi-
tional motion picture projector, screens, and a magnetic-sound motion 
picture projector. However, when the time came to r ecord the sound, 
the investigator supplied another magnetic-sound motion picture pro-
jector which possessed better facilities for mixing music and voice. 
Film-Production Method 
(Experimental Group) 
The essence of the film-production method was the pupil-teacher 
planning of work, and the making of vital decisions by cooperative 
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action. Although the entire unit of work for the experimental group, 
as for the control group, was carefully planned by the investigator, 
it was not feasible to tell the teacher and pupils what to do each 
period during the experiment. Also, while cooperative action was 
specified in the plan for class organization and the making of deci-
sions, teachers could decide just how to get action settled, that is, 
whet her to vote by ballot, or to obtain verbal approval by class mem-
bers. Sometimes one method was used and sometimes the other, and of 
course getting lost in the details of necessary processes was an ever-
present danger during the experiment. When teachers used the film-
production method, it was necessar,y for them to guide students with 
varying abilities into a number of individual and committee jobs as 
laid out in the Special Study and Activity Guide for this particular 
method. Teachers had to be adroit in starting and bringing the problem-
solving activities by each pupil to a point where enough knowledge was 
possessed by the class collectively to enable the group to begin pre-
liminary work on film title, purpose, and content. Under the teacher's 
guidance, individuals and groups then carried forward their problem-
solving work to the point where each person learned directly, or vicar-
iously, more and more about the subject as laid out in the Study Guide. 
One of the sources of guidance for the investigator's development 
of a classroom film-production method was the following plan set up for 
producing films in the Denver project: 
1. The selection by the school, the teacher, or the class of that 
phase or aspect of the community to be studied intensively by 
the class. 
2. The development of a thorough mastery of t his subject until 
the students actually become experts in it. 
3 . The narrowing of the subject matter area studied to the 
specific area that the pro~sed motion picture is to cover. 
4. The development of a logical clearly stated subject matter 
outline of the area to be covered by the motion picture. 
5. The translation of this outline into a pictorial outline, 
the scenario. 
6. The addition to this pictorial outline of the information 
necessary for the camera crew--the shooting script. This 
will include such things as the length of the picture and 
the exact content of each picture . 
7. The actual taking of the pictures. 
8. The editing of the exposed and developed film to produce the 
finished motion picture, that is "finished" only so far as 
the pictures are concerned. 
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9. The addition of titles, or of sound if the film is to have it. 
y 
It is obvious that item one in the above plan did not apply, as the 
design of this experiment would not permit a sudden shift in basic con-
tent, but the influence of the remaining steps can be noted in the in-
vestigator's final plans which were submitted to students in the Special 
Study and Activity Guide. The several stages of progress to the end 
product are shown in the following job outline which was a part of that 
Guide: 
1. Study to master important scientific facts and principles having 
to do with the use and control of water for man's needs. 
2. Decide on purpose of the film, to what groups it is to be shown, 
and tentative film title. 
3. Write film story in brief. Prepare list of scenes to tell the 
story. Develop filing system for prepared materials. Post on 
wall the written or typed work for each stage of development. 
y Floyde E. Brooker and Eugene H. Herrington, Students Make Motion Pic-
tures, A Report on Film Production in the Denver Public School, p. 30. 
washington, D.C . : American Council on Education, 1941. 
4. Make a list of scenes by number, complete with location, 
shooting distance, required lighting, and estimated length 
of footage. 
5. Shoot each scene. 
6. Splice scenes together in order, after projecting scenes in 
class. 
7. Plan and complete art work and lettering as needed. 
S. Select Narrator by trying out voices of candidates on tape 
recorder. Select music for introduction and interludes. 
Write comments for film scenes, selecting words to fit pic-
tures and knit .film story together· in terms of .film purpose. 
9. Record sound on magnetic track. 
Still another device to assist teachers and their groups in the 
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task of organization was the personnel roster sheet which listed neces-
sary committees and workers for the required jobs. This sheet was a 
part o.f the Special Stuqy and Activity Guide and may be referred to in 
the Teacher's Manual, or .found among the mimeographed materials in 
Appendix 2. The means for .fitting this job outline into the unit method 
o.f teaching has been explained in detail elsewhere. 
Restriction o.f activities. As was the case under the film-presentation 
method, and for the same reasons, the learning activities under the film-
production method were restricted. No other audio-visual materials were 
permitted except as called for in the Stu~ and Activity Guides for this 
method. Teachers using this method could not assign homework, or admin-
ister additional written tests during the experimental period. On the 
other hand teachers could 'WOrk with camera-crews on location, or with 
work committees after school, or could permit students to conduct inter-
views as necessary in connection with film-production activities. 
Evidence that Prescribed Teaching Procedures 
Were Followed 
It can be seen that detailed teaching plans were prepared for the 
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cooperating teachers, and that all necessary materials including mimeo-
graphed guide-sheets, films, reference books, equipment, and supplies 
were made available by the investigator. But were the materials used 
as planned; and were the prescribed procedures followed? The affirma-
tive answer to this question is based upon four major lines of evidence, 
the plan for which was agreed upon by the participating teachers even 
before the experiment began. These four lines of evidence are: (1) 
daily record of class activity, (2) the opinion of the investigator 
based upon his conferences with the teachers, (3) reports by principals 
of their unannounced class visits, and (4) the descriptions of the class-
produced films. Each of these is now presented in some detail since the 
conclusions to be stated later are based upori the knowledge that the 
teaching methods were carried out as specified. 
Amount of instructional time spent in regular class periods. The 
original plan of allotting thirty class periods of instructional time 
to each of two units of work, regardless of teaching method, was carried 
out. In the control groups, four, and in the experimental groups, five, 
of the thirty class periods allotted for each unit had to be devoted to 
the administration of tests and to other required introductor,y activities. 
Thus twenty-six and twenty-five class periods respectively remained for 
the prescribed learning activities in each of the two units taught in two 
different schools. The length of the class periods in the two schools, 
however, was not the same. In the Plant school, the net length was 
fifty-three minutes, while at Talcott the net length was forty-six 
minutes. This change in the length of class periods at the Talcott 
school was unexpected since during the year preceding the experiment 
the length of periods in both schools was the same. Principal Nelson 
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of the Talcott school inaugurated the change to provide for an activit y 
peri od in the daily schedule for his greatly expanded school building, 
the new sections of the building having been completed just in time for 
the opening of school. The decrease in length of class periods at the 
Talcott school was not compensated for in any way at the Plant school 
since the decreased time affected each method equally, and since i t was 
not lalown whether extra-class time, if that method were employed, would 
be equal instructionally to in-class time. It might be that the decrease 
in available in-class time worked a hardship upon the film-makers at the 
Talcott school, and if so, then the control group had the advantage. 
Summary of extra-class pupil-hours for experimental and control groups. 
According to the plan for equalizing the number of extra-class pupil-hours 
inevitably spent by the film-producing classes (experimental groups) under 
the imposed time limits, the investigator informed the control-group 
teachers of the need for engaging in required amounts of after-school 
learning activities. As expected, the film-producing classes spent more 
extra-class time toward the end of the prescribed period of instruction, 
hence, it finally became necessar,y to call for student-homework on a 
summarizing activity to build up enough pupil-hours to match the outside-
of-class activity of the film-makers. Since this activity was approved 
for the Plant school group first, it was decided to prescribe it as a 
time-equalizing procedure for the other group in turn. Activities carried 
on outside of the regular school periods are summarized as follows: 
1. Water-Unit Phase: Mr. Hitchcock's film-producing group used 
up a total of 56 pupil-hours of extra-class time according to 
the teacher~signed log sheets turned over to the investigator. 
During this time pupils conferred on script-writing procedures, 
shot scenes at both home and away locations (water reservoir, 
aerators, and filter plant), edited film scenes, and recorded 
sound. The cameraman received one-half hour of instruction 
after school. Mr. Garrett 1 s control group being taught concur-
rently spent an equal amount of after-class time, upon the re-
quest of the investigator. In Mr. Garrett's class the 56 pupil-
hours were spent as follows: twenty-eight pupil-hours of home-
work on a subject-matter summarizing assignment, one and one-
half pupil-hours on learning to operate the motion picture pro-
jector, and the balance of the time was spent on such activities 
as pupil preparation to give demonstrations, preparation of oral 
reports, and field trips by small groups (two or three pupils). 
There can be little doubt that the extra-class time spent by 
the control group involved subject~tter to a greater degree 
than did the extra-class time spent by the film-producing class. 
2. Foods-Unit Phase: Because teaching methods were rotated for the 
second 6-week subject-matter unit, Mr. Hitchcock was called upon 
to spend the same number of pupil-hours of time outside of class 
as were used up by Mr. Garrett, the film-producing teacher. In 
this phase Mr. Garrett found it necessary to spend 66 pupil-hours 
of extra-class time which were used up on the following activities: 
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two hours on preparing for class demonstrations, three hours 
on art-work problems and discussions, eight hours on film-
story and shooting script preparation, four hours on lighting 
problems, four hours on planning locations and arrangements, 
one hour on camera-operation instruction, three and one-half 
hours on subject-matter problems, eighteen and one-half hours 
shooting film-scenes, thirteen hours on sound script, narration 
and recording, and nine pupil-hours on film editing procedures. 
To equalize these 66 pupil-hours' of extra-class time, Mr. Hitch-
cock, under the investigator's coordination, had his students 
use up this time on the following activities: four and one-half 
pupil-hours receiving instruction in operation of the motion 
picture projector assigned to that classroom for the entire 
instructional period, two pupil-hours on preparing demonstra-
tions, and a total of fifty-nine pupil hours on subject matter 
activities including assigned homework on summarizing projects 
and the observation of extra film-showings held immediately after 
school. 
Summary of daily classroom activities of the control groups. Careful 
scrutiny of the signed log-sheets, one for each class period, submitted to 
the investigator, revealed that in each of the control groups thirty class-
periods were devoted to the study of subject~tter problems including the 
use of available motion pictures as prescribed. Breaking down the total 
number of periods for the water Unit, Mr. Garrett •s control group spent 
four periods on testing and other introductory activities, seven and two-
fifths periods on film-showings and the discussion of questions called 
for in the film-guide, eight and four-fifths periods of the allotted 
time on subject-matter problems specified in the General Stuqy and 
Activity Guide, and nine and four-fifths periods in group discussions, 
oral reports and demonstrations. In the Foods Unit Mr. Hitchcock's 
class spent the thirty periods of allotted instructional time as fol-
lows: four periods on testing and other introductory activities, five 
and one-fifth periods on film-showings and the discussion of questions 
called for in the film-guide, seven periods on subject-matter problems 
specified in the General Study and Activity Guide, and thirteen and 
four-fifths class-periods were spent on group discussions, oral reports, 
and demonstrations. 
The preceding data regarding the nature and amount of classroom 
activities in the control groups are shown in Table 12, and similar data 
for the experimental groups as taught by the film-production method are 
given in Table 13. 
Unit of 
work 
water 
Foods 
TABLE 12 
NUMBER OF CLASS PERIODS SPENT ON VARIOUS 
CLASSROOM ACTIVITIES AS CARRIED ON IN THE CONTROL 
GROUPS TAUGHT BY THE FILM-PRESENTATION MEmOD 
School and Testing Film Shold,ngs Specified Discussion 
Teacher and Intro- and Related Subject- Oral Reports 
ductory Discussion Matter Demonstra-
Problems tions 
Plant School 4.0 7.4 8.8 9.8 
Mr. Garrett 
Talcott School 4.0 5.2 7.0 13.8 
Mr. Hitchcock 
Unit 
of 
Work 
water 
Foods 
TABLE 13 
NUMBER OF CLASS PERIODS SPENT ON VARIOUS CLASSROOM 
ACTIVITIES AS CARRIED ON IN THE EXPERIMENTAL GROUPS 
TAUGHT BY THE FilM-PRODUCTION METHOD 
School and Testing Specified Discussion Observing 
Teacher and Intro- Subject- Oral Reports Film 
ductory Matter Demonstra- Sequences 
Problems* tions 
Talcott School 5.0 12.4 3 1.6 
Mr. Hitchcock 
Plant School 5.0 14.2 3 2.2 
Mr. Garrett 
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Film-
Making 
s.o 
5.6 
* Not true for all p.~pils since production committees worked in class on 
film-making problems. Some committees missed whole periods of class 
time which were spent by others on subject-matter problems specified 
in the General Study and Activity Guides. 
Summ.ar,y of dail;r classroom activities of the experimental groups. 
In the experimental groups where pupils were concerned with subject-matter 
problems as well as with organizational and film-making problems, the time 
was spent according to a different pattern. The log-sheets of both 
teachers supplied the data for _the following classification of class 
activities: 
1. Mr. Hitchcock's film-production class (Producers of "The Stream 
of Ufe"). Of the total allotted time of thirty class-periods, 
five periods were spent on testing and other required introductory 
activities, twelve and two-fifths periods on subject-matter prob-
lems in the Study Guide (See Appendix 1), three periods on class 
discussion, oral reports, and demonstrations all dealing with the 
subject-matter of the unit, one and three-fifths periods project-
ing film sequences shot by the cameramen, and eight periods 
discussing film-making methods and problems. It needs to be 
pointed out also that during several of the class-periods when 
most of the class were at work on subject-matter problems, 
special groups were completing film-production jobs in the 
same or adjoining rooms. Hence not all of the class periods 
as reported used for subject-matter problems were so used by 
all members of the group. 
2. Mr. Garrett's film-production class (Producers of "Good Health 
Through Good Diet 11 ). Of the total allotted time of thirty 
class-periods, Mr. Garrett's signed log-sheets showed that 
five periods were spent on testing and other required intro-
ductor,y activities, fourteen and one-fifth periods on subject-
matter problems in the Study Guide (See Appendix 1), three per-
iods on class discussion, oral reports, and demonstrations all 
dealing with the subject-matter of the unit, two and one-fifth 
periods projecting film sequences shot by the camera crew, and 
five and three-fifths class-periods were used up discussing film-
making methods and problems. As was true in Mr. Hitchcock's 
film-producing class, during several of the class-periods when 
pupils were at work on subject-matter problems, groups, some-
times as large as eight pupils, spent the period on film-
production assignments such as shooting scenes, or revising 
the shooting-script. 
Opinion of investigator based upon personal conferences . The in-
vestigator is confident that major teaching decisions were made in terms 
of prescribed plans. Both teachers were willing to be constantly checked 
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by the investigator, were most cooperative, and were concerned for its 
welfare throughout the entire experiment. As stressed in the teacher's 
manual, as well as in personal contacts with teachers before and during 
the experiment, teachers were asked to check with the investigator before 
making a decision to depart from any of the specified patterns of action. 
While the investigator never visited the experimental classrooms during 
a class session he exercised close supervision of activities qy ~th per-
sonal and telephone conferences. From the start of the instructional per-
iod on September 20 to its close on December 20 the writer held a total 
of eighty-three conferences with the two teachers, sixty-one on-the-spot, 
and twenty-two by telephone. It was by means of these conferences that 
the investigator kept in unusually close touch with the d~-to-day events 
in the classes, and that as a result teachers were prevented from swing-
ing away seriously from prescribed plans. In one instance the teacher at 
the Plant school wanted to add a demonstration other than those prescribed 
in the Study Guide. This became known at once, and the teacher's inter-
pretation of the teaching plans was thus revised. The investigator claims 
also t hat both t eachers were able to obtain a fairly similar degree of 
balance in emphasis between subject-matter and film-production problems 
during the production phase of the experiment as the summary of the log-
sheets shows. However, the fact that the class-organization sheets in 
Appendix 6 show decidedly different patterns for involving groups in the 
film-making jobs, suggests to the writer that the Plant school group might 
have had less contact with subject-matter problems than the Talcot t school 
group. The log-sheet record cannot give conclusive evidence on this point 
since it does not provide a record of each pupil's work. Such a detailed 
log would have placed an undesirable burden upon the teacher, and con-
sequently was not called for. 
Reports of unannounced class-visits £y principals. In accordance 
with a special request by the investigator, the Talcott and Plant school 
principals cooperated by making several unannounced visits to the class-
group in their respective schools. These brief reports which were 
signed and submitted to the writer show that the teachers were carrying 
out the prescribed methods as set forth in the Teacher's Manual. Copies 
of the reports submitted by the principals may be referred to in Appen-
dix 5. 
Description of class-produced films. Unbeknown to pupils in the 
experimental groups, the writer worked with the teacher in checking the 
master footage of the class-produced films which had been cut and spliced 
so as to be the same in length and content as the work print. Also as a 
friend and consultant of the teachers, the writer supplied the equipment 
for and was present to help the students record their respective sound 
scripts. Except for guiding the students in proper operation of the 
equipment and giving some advice about sound recording techniques, the 
writer and the teacher involved (in each case) were bystanders. The 
writer also served as a helper in expediting film processing and sound-
striping for both film productions. The students never knew, however, 
that the writer was the organizer and investigator of their film-
production activities. The situation was thus prevented from becoming 
artificial. Both films, The Stream of Life, produced by the Talcott 
school group, and Good Health Through Good Diet, produced at the Plant 
school, were completed on schedule. The former was a 336 foot film 
about the West Hartford water-supply system emphasizing where water 
comes from and how it is treated for local consumption. The latter 
film, making use of more indoor shots, tells the stor.y of three boys 
and how their dietar.y habits affected their dai~ activities. The 
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films are not without errors, but when the pressure of time restrictions 
and the lack of experience on the part of teachers and students are 
considered, the accomplishment is to be commended. However, it must 
not be forgotten that the film-productions were "means" to 11 ends", not 
ends in themselves for the teachers. Appendix 6 includes copies of 
the shooting scripts, sound scripts, class organization sheets, and 
enlargements of motion picture frames. These exhibits will support 
the writer's claim that the specified procedures were carried out 
satisfactorily. 
The nature of the tests employed, their construction and trial, 
scoring methods, the subsequent accomplishment of the item-analyses, and 
the characteristics of the final forms of the tests are topics which are 
discussed next in Chapter 5. 
CHAPTER 5 
CONSTRUCTION OF THE MEASURING INSTRUMENTS 
Since the investigator was unable to locate appropriate achieve-
ment tests for the units of work planned for the experiment, it was 
necessary to design and construct four tests with which to measure 
the effects of instruction. Tests were designed to measure two objec-
tives of general science teaching, namely, the acquisition of knowl-
edge, and the ability to recognize the application of scientific facts 
and principles to everyday problem situations. 
Construction of Items 
Since two broad topics, name~, Water and Foods, had been selected 
for study by control and experimental groups during the experimental 
period, a number of current ninth-grade textbooks, teacher's manuals, 
courses of study and general science tests were studied for the purpose 
of assembling a list of facts and principles generally included under 
those topics. Test items based upon the assembled factual matter were 
then constructed for eventual inclusion in the preliminary forms of the 
following four tests: 
(1) Water: The Acquisition of Information. 
(2) water: The Application of Infonnation. 
(3) Foods: The Acquisition of Information. 
(4) Foods: The Application of Information. 
SB 
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Information tests. The plan for measuring achievement in the 
acquisition of information was to make use of the regular multiple 
choice type of test, referring each item to a specific fact , principle, 
scientific term or cause and effect relationship. The following exam-
ples will suffice to show how items for these tests were constructed: 
.Example 1 
Knowledge of a principle: The pressure at any point below the 
surface of water depends upon the depth. The item to measure 
acquisition of this knowledge is shown below. 
Test item: The thickness of a concrete dam is largely determined 
by the water pressure it has to withstand. This pressure depends 
upon the 
---
(1) total weight of water dammed up. 
X (2) depth of water. 
__ (J) length of the dam from one end to the other. 
__ (4) depth of water times length of the dam. 
Example 2 
Knowledge of a scientific term: The process by which molecules of 
water escape into the air is known as evaporation. The item to 
find out if the student know$ the meaning of the term is shown below. 
Test item: When molecules of water escape into the air, the process 
is called 
(1) condensation. 
(2) aeration. 
X (J) evaporation. 
(4) precipitation. 
Example 3 
Knowledge of cause and effect: Swamps are caused when the water 
table barely reaches the surface of the ground over a considerable 
area. The test item to measure acquisition of this knowledge is 
below. · 
Test item: swamps are caused when 
---
(1) the water table is at least four feet above the surface. 
---
(2) porous soil is just underneath the surface. 
__ (3) bedrock is just under the surface. 
X (4) the water table just reaches the surface. 
Example 4 
Knowledge of a fact: Lift pumps cannot raise water higher than 
34 feet. The test item to find out if the student has this knowl-
edge is as follows: 
Test item: The most efficient lift pump made cannot raise water 
higher than 
X (1) 34 feet. 
__ (2) 40 feet. 
__ (3) 62.4 feet. 
__ (4) 15 feet. 
Application tests. The design for these tests, as developed by the 
writer, is basically a problem-situation test in which the student is 
asked to make a 11yes" or 11no 11 decision and then support his decision, by 
selecting from a list of six statements, three correct reasons for his 
choice. The student thus must recognize the application of facts and 
principles to novel situations, that is, novel in the sense that responses 
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to those situations had not been taught in class except of course by 
means of the pre-test experience. Although influenced by the applica-
1/ 
tion-type item developed for the Eight Year Study, the writer's design, 
being less complex, and shorter in structure, makes possible the use 
of a greater number of problem situations during a given period of time. 
The 
that the 
(1) 
(2) 
(3) 
(4) 
following specific examples of "application" test items show 
student would be called upon to apply his knowledge in making: 
A prediction of what will happen in response to a proposed 
plan for action. 
A choice of the appropriate cause in response to a description 
of the results of a specific action. 
A choice of a valid course of action in response to a proposed 
need. 
A judgment of truth or untruth in response to a reported event. 
A Prediction Item: 
Some high school boys and girls, whose parents owned cottages on 
t he shore of a lake, were building a diving raft to be moored in the 
deeper water. They had built the wooden raft over six empty s.teel drums. 
When several people got on the raft, however, it settled too deeply in 
the water. To make it float higher, even when loaded, one of the boys 
suggested that air be pumped into each of the drums under high pressure. 
The suggestion was accepted and air was pumped into the drums. Do you 
believe that the raft then floated higher in the water? 
YES · NO X 
X 1. An object immersed in water is buoyed up by a force equal 
to the weight of water displaced. 
__ 2. Compressed air in the drums would make them float higher 
in the water just like an inflated inner tube. 
___ 3. When air is compressed it exerts an outward force. 
X 4. All matter has weight . 
X 5. The steel drums filled with compressed air would displace 
more instead of less water in order to float. 
___ 6. Air is many times lighter than an equal volume of water. 
y Eugene R. Smith, and Ralph w. 'J.Yler, Adventure in Anterican Education, 
Volume III, Appraising and Recordi ng Student Progress. New York: Harper 
and Brothers Publishers, 1942, Chapter 2. 
A Choice-of-cause Item: . 
A farmer had a swamp about two hundred feet across. He wanted ver,y 
much to change this piece of worthless land into good soil for addition-
al crops. He dug a four-foot ditch which ran from the swamp to a pond 
toward which the land sloped gently. He put drain tile in the ditch and 
then filled in with rock and soil. The farmer was pleased that during 
the next few weeks the swamp became good dry land. But, as the swamp 
dried up, the level of water in the farmer's shallow well went down and 
did not go back up when it rained. The farmer's house and well were 
located about three hundred feet away from the swamp and were about 
two feet above the level of the swamp. Do you believe that draining 
the swamp caused the level of the water in the farmer's well to drop? 
YES X NO 
_____ 1. There was actually no connection between the drainage of 
the swamp and the water level in the farmer's well. 
----~2. The water in swamps comes from above ground and well water 
comes from below the water table. 
X 3. When the swamp dried up, the level of the water table dropped. 
4. The farmer must have drawn too much water out of his well. 
-----
X 5. The water table will be lowered if enough water is removed 
from the saturated layer in which it is formed. 
X 6. Before the swamp was drained, the water in the well was 
most likely at the same level, as the water in the swamp. 
A Choice-of-a-Valid-Course-of-Action Item: 
A town in northern New York State had used a number of springs as a 
source of public water supply for fifty years. Accurate records kept 
through the years by the Water Department showed that the water supply 
from the springs was decreasing. The townspeople bought large tracts 
of land and spent large sums of money planting trees to make new forest . 
land as a means of preserving their water supply. If you had been one 
of the voters in that town would you have voted for this action as a 
good plan to preserve the supply of water from the springs? 
YES X NO __ 
X 1. Trees put humus into the soil. 
_____ 2. I would have waited to see how the water supply held up for 
another five years before planting the new forests. · 
X 3. Forest land soaks up rain water easily. 
4. Trees take too long to grow. The money for trees and 
----- labor would be wasted. 
5. The trees use up too much water while they are growing. 
---
X · 6. More surface water will reach the porous layers if it 
doesn't run off. 
A Judgment-of-Truth-or-Untruth Item: 
93 
A family has a summer home on an island in a salt water bay. They 
catch rain water off the roof of their house and store it in a wooden 
tank built on a platform about six feet above the ground level. Since 
the only other water available is from a deep well, the family uses the 
rain water for washing clothes and taking baths. A visitor told them 
one day that they were wasting money because the rain water always 
required more soap to make lather than the water they carried from 
the deep well. Do you believe that what the visitor said was true? 
YES NO X 
X 1. Rain water contains no dissolved minerals. 
2. Rain water picks up dust particles and carbon dioxide from 
--- the air when it falls to the ground. 
X 3. When surface water, containing dissolved materials, turns 
to water vapor, all solids are removed. 
4. Water from deep wells is generally free of harmful organisms. 
---
___ 5. Water from deep wells is almost always softer than other 
water. 
X 6. Soap forms undesirable chemical compounds with minerals in 
water. 
Trial of Preliminar.r Forms 
A total of 110 multiple choice items, and 26 problem situation items 
were written, edited, separated into four tests, mimeographed and the 
correct responses noted for each item and problem. Copies of these marked 
tests together with a mimeographed sheet of directions for test critics 
were then sent to a subject-matter specialist in each of the following 
fields for criticism: Physics, Bacteriology, Nutrition, ZOology, and 
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Geology. Copies were also sent for criticism to one test specialist, 
two specialists in Science Education, one class of college students in 
pre-service science education, and to a number of general science teach-
ers in Connecticut schools. Each test reader was asked to mark each 
item "acceptable", "incorrect or unacceptable", and give reasons for 
unfavorable reactions. 
The items were revised on the basis of criticisms received, and 
mimeographed for tryout purposes. Two sheets of directions were pre-
pared and mimeographed for the cooperating teachers, one set of direc-
tions for using the test as a pre-test, and the other for administering 
the same test after the work in the unit had been completed. The reason 
for giving the tryout tests as pre-tests also was of course to make pos-
sible an analysis of student responses prior to instruction. Without 
pre-test information, a high score on a given post-instructional test 
item might have been attributed to instruction instead of to pre-
instructional knowledge. 
The tests on the subject matter of Foods were administered first in 
the Sedgwick Junior High School, West Hartford, Connecticut. Upon scor-
ing the pre-tests and interpreting the results, it became apparent that 
many of the brighter students were better informed on the topic of Foods 
than was expected. To increase the measuring range of the Foods Tests, 
twelve multiple-choice items and four additional problem-situation items 
were constructed, checked by a college instructor in foods, and added to 
the Foods Tests. For the same reason four additional multiple-choice 
items and two additional problem-situation items were constructed, 
checked by a physicist, and added to the Water Tests. 
The schedule for administering the tests in tryout form was com-
pleted on March 15, 1954, a few days more than seven months after the 
work of item-construction began. Table 14 shows the participating 
cities, teachers, students, and specific tests administered. 
City 
West Hartford 
(Conn.) 
Hamden 
(Conn.) 
Hamden 
(Conn.) 
North Haven 
(Conn.) 
TABLE 14 
STUDENT GROUPS ACTUALLY USED FOR OBTAINING 
TEST-TRYOUT DATA 
Number of 
Teacher Pupils Test 
Stetson 112 Foods I 
110 Foods II 
110 Water I 
no Water I 
110 Water II 
ll2 Water II 
Archer 91 Foods I 
104 Foods I 
91 Foods II 
102 Foods II 
Senerchia 53 water I 
57 Water II 
Anderson 74 Water I 
72 Water II 
68 Foods I 
73 Foods I 
72 Foods II 
78 Foods II 
Stafford Springs Seely 69 Foods I 
(Conn.) 70 Foods II 
59 Water I 
66 Water I 
53 Water II 
64 Water II 
Jewett City Good 52 Foods I 
(Conn.) 49 Foods I 
50 Foods II 
53 Foods II 
45 Water I 
51 Water I 
36 Water I! 
48 Water II 
Pre-test or 
Final Test 
Final Test 
Final Test 
Pre-test 
Final Test 
Pre-test 
Final Test 
Pre-test 
Final Test 
Pre-test 
Final Test 
Final .Test 
Final Test 
Final Test 
Final Test 
Pre-test 
Final Test 
Pre-test 
Final Test 
Final Test 
Final Test 
Pre-test 
Final Test 
Pre-test 
Final Test 
Pre-test 
Final Test 
Pre-test 
Final Test 
Pre-test 
Final Test 
Pre-test 
Final Test 
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Cit 
Lebanon 
(Conn.) 
Teacher 
Holmberg 
TABLE 14 (Continued) 
27 
23 
24 
25 
Test 
Water I 
Water I 
Water II 
Water II 
Pre- es or 
Final Test 
Pre-test 
Final Test 
Pre.;.. test 
Final Test 
(I) refers to the Acquisition of Information Tests, and (II) refers to 
the Application of Information Tests. 
Table 15 gives the size of the samples for each of the four tests. 
Details relative to Wlys in which these samples were used are pointed out 
under sections dealing with pre-test and final test item-analyses. The 
samples of final test papers were also used in determining reliability 
of the tests, and these procedures may be r eferred to in the section on 
Final Fonns of the Tests. 
TABLE 15 
SAMPLE. SIZE FOR TRYOUT OF THE 
PRELIMINARY FORMS OF FOUR TESTS 
Pre-test Final Test 
Test Sam le Sam le 
Water (Acquisition) 241 377 
Water (Application) 223 378 
Foods (Acquisition) 2ll 407 
Foods (Application) 213 415 
The tests were delivered and picked up personally by t he investigator, 
and personal conferences were held with each test administrator with one 
exception, and in that one instance, the writer's agent, himself a science 
teacher, made the usual personal contacts. The tests were administered 
by the cooperating teachers to ninth-grade general science groups that 
were, by and large, hetero~eneous in character. The amount of time 
devoted to instruction in the main topics varied from school to school, 
and no effort was made to select classes which had received instruct ion 
by same methods. In almost every class where the tests were tried out 
ample time was allowed for the students to try all of the items in t he 
tests taken. 
Scoring Preliminary Forms of the Tests 
All of the tests, the multiple-choice information tests as well as 
the application-type tests, were scored by hand under the investigator's 
supervision using a scoring key which could be placed conveniently at the 
side of each page. Each response was then checked and marked by a short 
straight line in the appropriate margin if it did not agree with the 
scoring key. Each multiple choice item was assigned a value of one point 
of raw score. The maximum raw score on the preliminary form of tbe Water: 
Acquisition of Information test was therefore 59, and the maximum score 
on the Foods: Acquisition of Information test was 67. The preliminary 
for.ms of the Application of Information tests for water and Foods were 
made up of 15 and 17 problems respectively, and each problem was assigned 
a value of 4 points of raw score, one point for each correct main response, 
and one point for each of the three supporting responses. Therefore, the 
maximum score of the Water: Application of Information test was 60, and 
that of the comparable Foods test was 68. 
In each case the cooperating teachers supplied the investigator with 
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class lists together with the intelligence quotients of the students who 
took the tests. The I.Q.•s aided the investigator in studying the reac-
tions of individuals and groups to the preliminary forms of the tests. 
Tests were scored immediately, the scores posted, and the class lists 
returned to the teacher for personal use. 
The scoring plan for the application-type tests was eventually mod-
ified before the work of item-analysis was begun. However, since the 
basic job of scoring each response had been completed, the work involved 
in re-scoring the tests according to the method finally adopted was 
greatly facilitated. Details relative to final scoring procedures are 
given in the next section of this chapter. 
Accomplishment of the Item-Analyses 
TWo distinctly separate item-analyses were accomplished for each of 
the four measuring instruments tried out. Details regarding the pur-
poses, procedures and results of these analyses follow. 
Pre-test item-analy8is. In order to determine which items in the 
tests could be answered by most students in nint h grade general science 
classes before being instructed in the subject matter, it was decided to 
obtain item-analysis data of pre-test responses. Items which contributed 
little or anything to the power of the test to show gain from pre-test to 
final test were deleted. The pre-test item-analysis for each test was 
accomplished as follows: 
{a) The final sample of test papers was obtained by (1) rejecting 
papers not available in pre-test and post-test pairs, (2) 
re.jecting papers in which directions for marking t he test had 
· not been followed, and (3) rejecting papers in which whole 
pages of items had not been answered. In the case of cri-
terion (1) above, it was believed that should an additional 
analysis of the tryout test results have been necessa~, it 
would have been valuable to know that the pre-test papers 
in the entire sample, preserved by the investigator, could 
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have been paired with their matching final test papers. Such 
analyses, however, were not made. 
(b) Tests in the final sample, having met the criteria set up, 
were then arranged according to numerical order of scores 
from high to low. 27% of the papers with highest scores, 
and 27% of the papers with the lowest scores were removed for 
analysis. The use of such upper and lower groups instead of 
the entire sample for minimizing the labor involved in i tern-
analysis is in accord with procedures described and recom-
Y 
mended by Davis. 
(c) The responses to each item in the upper and lower groups of 
papers were analyzed and tabulated to find out which items were 
answered correct~ by 85% or more of the students as obtained 
~ averaging the percentages of success in the high scoring 
and low scoring groups . Such i t ems were deleted from the tests 
and from further consideration in the item-analysis of the 
final tests. In the application-type tests, the problems were 
analyzed to find out if 85% or more of the students, as obtained 
1/ Frederick B. Davis, Item-Ana1ysis Data, Their Computation, Interpreta-
tion, and Use in Test Construction. Harvard Education Papers, Number 2. 
Cambridge, Mass.: Graduate School of Education, Harvard University, 1949, 
p. 9. 
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by averaging the percentages of success in the upper and 
lower groups , had answered the main response and the 3 
supporting responses without error. Percentages of success 
for items in the pre-tests were not based upon scores which 
had been corrected for chance. The figures of 85% as an item-
rejection point was chosen because any item which could be 
answered correctlY by 85% or more of the students in the 
sample before instruction would contribute little to the 
power of a test to measure the effect of a particular instruc-
tional method. This decision is also in accord with the 
authors of The Construction of Achievement Examinations who 
state: 
In general, however, they lfhe expertiJ are agreed 
that there should be a range in difficulty from about 
5 to 20 per cent to 80 to 95 per cent and that the average 
difficulty of all items should be about 50 per cent. y 
The results of the pre-test item-ana~sis are shown in Table 16. 
TABLE 16 
SUMMARY OF PRE-TEST ITEM-ANALYSIS DATA 
Preliminar.r Forms Number Number in NUmber of Specific Percentage 
of in both Upper Items in Items of Success 
Tests Entire and Lower Test Rejected With Reject 
Sample Groups ed I t ems 
Water (Acquisition) 193 52 59 # 2 89 
water (Application) 178 48 15 None 
Foods (Acquisition) 176 48 67 #9 93 
# 15 85 
# 29 87 
Foods (Application) 186 50 17 None 
.!/ Herbert E. Hawkes; E. F. Lindquist; and C. R. Mann; fhe Construction of 
Achievement Examinations. New York: Houghton Mifflin Company, 1936, p. 32. 
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Final test item-analyses of multiple-choice inforn~tion tests. 
The purpose of the final test i tern-analyses •·ras to discover, using t he 
11 
responses of a sizeable sample of students, l'Ihich i terns could meet the 
establishe d specifications of discrimination and diff iculty . Such 
items were to be grouped into the final forms of four t ests f or use as 
the ins truments for mea.su!"lng the instructional effect of two teaching 
methods . The trial of the prelimina~J forms of t he tests was carried 
out, Nhenever pos sible, under conditions >vhich approyirnated those of 
the actual experiment . Therefore, the main item-analysis vmrk l:TaS car -
ried out on tests v;hich had been tal.cen a second time by the examinees, 
that is , once before and once immediately follo>ving instruction. 
The item- analysis of both multiple choice final tests was accom-
plished a s follows: 
( a ) All tests from the final test population for each test 111ere 
a rranged in order of scores from highest to lowest . The 
final sample of test papers was obtained by (1) rejecting 
all test papers in >-Ihich directions for mar king had not been 
follo>-J"ed, and (2) by rejecting papers in 1.·.fhich whole pages 
of items had been omitted. 
(b) According to previously explained item-analysis procedures, 
27% of the papers 1ri.th highest scores and 27% of t he papers 
vrith lmrest scores vrere removed for analysis. 
(c) The responses to each i tem by examinees in upper and lm·.Jer 
groups were appropriately t abulated to facilitate subsequent 
computation. 
( d) The percentage of success -..rl.th each item surviving the p re-
j} Refer to Tables 14 and 15 on pages 95 and 96 for complete data . 
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test item-analysis, was computed for the upper and lower y 
groups according to the formulas recommended by Davis. 
{e) The obtained percentages of success (corrected for chance) 
in the upper and lower groups were used to enter the Davis y 
Chart by means of which both difficulty and discrimination 
indices for each item were read directly and tabulated. 
21 Since Davis states that, "Items with discrimination indices above 
20 will ordinarily be found to have sufficient discriminating power for 
use in most achievement and aptitude tests," it was decided to delete 
all items with discrimination indices lower than 20. Also, in view of 
the fact that the tests had been constructed for use in a situation 
where the instructional time f'or a given unit of work would be somewhat 
longer than the situations in which the preliminary forms of the tests 
were tried out, it was decided that even the very difficult items 
should remain in the test. Since easy items, that is items having a y 
difficulty index of' 77 or above, based on the Davis tables, would have 
little to contribute to the power of the test, they were eliminated. 
It should be recalled that for the pre-test item analysis work a per-
centage of success o! S5 or above on any item was the rejection point. 
For the final test item-analysis work statistical tables were used, 
and according to those tables the percentage-of-success figures were 
not the same as difficulty indices. In fact a percentage of success 
1/ Frederick B. Davis, Item-Analysis Data, Their Computation, Interpre-
tation, and Use in Test Construction. Harvard Education Papers, Num-
ber 2. Cambridge, Mass.: Graduate School of Education, Harvard Univer-
sity, 1949, p. 30. 
?} Ibid. 
2./ Ibid., p. 15. 
y~. 
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of 85 corresponded to a difficulty index of 72, and a percentage of 
. y 
success of 95 corresponded to a difficulty index of 85. In arriv-
ing at a cut-off point for items in the final test item-analysis, the 
investigator chose 77 as the critical difficulty-index, this point 
corresponding to a percentage of success of 90 in the tables just 
referred to. 
The results of the final test item-ana~ses of the acquisition 
of information tests are summarized in Tables 17 and 18 which follow. 
In interpreting the data relative to discrimination and difficulty 
31 
indices, definitions of the terms as they are given by Davis should 
be borne in mind. He defines difficulty index as the proportion of a 
certain s~ple of testees that actually knows the answer to an item, 
and he defines discrimination index as the numerical indication of 
the amount of discriminating ability of each individual item with 
respect to a designated criterion variable which in the case of these 
tests is total score on the test in question. 
Y ~., P• 38. 
3/ Ibid., p. 3 and p. 2. 
TABlE 17 
FINAL TEST ITEM-ANALYSIS DATA FOR THE 
TEST, WATER: ACQUISITION OF INFORMATION 
(N of Sample, 348; N of High and Low Scoring Groups, 94) 
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Upper Group Per Cent Lower Group Per Cent Davis Chart Accepted 
Success Success Dis. Diff. or 
Item R W 0 (upper) R W 0 (lower) Index Index Rejected 
1 64 30 0 
2 
3 82 12 0 
4 66 28 0 
5 87 7 0 
6 81 13 0 
7 77 17 0 
8 74 20 0 
9 72 21 1 
10 76 18 0 
11 74 20 0 
12 49 44 1 
13 83 11 0 
14 71 23 0 
15 56 .38 0 
16 66 28 0 
17 75 19 0 
18 67 26 1 
19 78 16 0 
20 75 19 0 
21 86 8 0 
54 
83 
61 
90 
82 
76 
71 
70 
75 
71 
37 
84 
67 
4h 
61 
73 
62 
78 
73 
88 
18 76 0 
56 37 1 
38 51 5 
42 50 2 
-7 (1) 
47 
24 
25 
28 61 5 9 
32 61 1 13 
61 33 0 53 
45 44 5 .34 
48 45 1 35 
18 71 5 -7 (1) 
26 59 9 7 
48 . 43 3 37 
29 65 0 7 
23 67 4 1 
20 73 1 -4 (1) 
21 68 5 -2 (1) 
19 73 2 -5 (1) 
66 27 1 62 
63 29 2 58 
71 23 0 67 
57+ 48 
25 
24 
48 54 
55 48 
45 47 
11 56 
23 51 
26 53 
69+ 40 
28 34 
.32 56 
47 43 
53 35 
62+ 38 
70+ 42 
62'1' 38 
11 61 
10 59 
18 66 
Ace. 
Ace. 
Ace. 
Ace. 
Ace. 
Ace. 
Rej. 
Ace. 
Ace. 
Ace. 
Ace • 
Ace. 
Ace. 
Ace. 
Ace. 
Ace. 
Ace. 
Rej. 
Rej. 
Rej. 
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TABLE 17 (Continued) 
Upper Group Per Cent Lower Group Per Cent Davis Chart Accepted 
Success Success Dis. Diff. or 
Item R W 0 (upper) R W 0 (lower) Index Index Rejected 
22 71 2.3 0 67 2.3 69 2 0 (1) 65+ 41 Ace. 
2.3 7.3 21 0 
24 7.3 21 0 
25 76 18 0 
26 50 44 0 
27 25 68 1 
28 88 6 0 
29 20 74 0 
.30 88 6 0 
.31 83 11 0 
.32 46 48 0 
3.3 84 10 0 
.34 70 24 0 
.35 80 14 0 
.36 82 12 0 
.37 85 9 0 
.38 69 24 1 
39 81 13 0 
40 17 77 0 
41 74 20 0 
42 90 3 1 
4.3 74 19 1 
44 8212 0 
70 
70 
75 
37 
2 
92 
5.3 .36 5 46 
41 52 1 26 
43 49 2 30 
17 68 9 -7 (1) 
16 77 1 -11 (1) 
42 48 4 
-5 (1) .30 60 
92 57 .36 
4 
1 
29 
11 
48 
19 84 
.35 
86 
66 
80 
87 
65 
82 
.35 5.3 6 
16 67 11 . -7 (1) 
57 .36 1 
56 .37 1 
.3.3 59 2 
.39 51 4 
43 46 5 
.34 57 .3 
41 50 3 
-10 (1) .31 57 6 
48 
47 
14 
24 
.31 
17 
26 
14 
11 
21 
71 
96 
72 
8.3 
.30 59 5 
35 48 . 11 
46 44 4 31 
40 50 4 26 
15 54 
28 49 
29 52 
49+ 28 
7 -15 
48 
-25 
.36 
46 
28 
12 
47 
41 
40 
33 
38 
-.30 
44 
60 
26 
39 
55 
17 
61 
51 
27 
59 
54 
48 
52 
55 
45 
52 
7 
45 
55 
51 
53 
Rej. 
Ace. 
Ace. 
Ace. 
Rej. 
.Ace. 
Rej • 
Ace. 
Ace. 
Ace. 
Ace. 
Rej. 
Ace • 
Ace. 
Ace. 
Ace. 
Ace. 
Rej • 
Ace. 
Ace. 
Ace. 
Ace. 
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TABLE 17 (Continued) 
Upper Group Per Cent tower Group Per Cent Davis Chart Accepted 
Success Success Dis. Diff. or 
Item R w 0 (uEEer) R w 0 (lower} Index Index Rejected 
45 44 50 0 29 i7 71 6 -8 (1) 44+ 23 Ace. 
46 74 20 0 71 46 46 2 34 24 52 Ace. 
47 77 17 0 75 69 23 2 61 10 60 Rej. 
48 62 32 0 54 30 61 3 11 33 41 Ace. 
49 86 8 0 88 79 13 2 82 6 72 Rej. 
50 40 54 0 23 16 76 2 -10 (1) 38'1' 19 Ace. 
51 72 22 0 70 41 49 4 28 27 49 Ace. 
52 86 8 0 83 49 44 1 37 32 55 Ace. 
53 91 3 0 96 50 39 5 42 48 60 Ace. 
54 91 3 0 96 53 38 3 44 46 61 Ace. 
55 58 36 0 49 37 54 3 21 19 42 Rej. 
56 85 9 0 87 40 44 10 30 41 . 55 Ace. 
57 78 16 0 78 43 43 8 34 29 53 Ace. 
58 79 15 0 79 59 27 8 58 15 60 Rej. 
59 70 24 1 68 26 56 12 9 45 44 Ace. 
R = Correct Response; W = Incorrect Response; 0 = Omitted Response; 
Dis. = Discrimination Index; Diff. = Difficulty Index; Rej. =Rejected. 
Numbers in parentheses are in accord with instructions for using the 
Davis Chart when percentages of success are less than one, greater than 
99, or are preceded b,y unlike signs. A plus sign ( +) following a dis-
crimination index means that the index is actually higher than shown 
by the Davis Chart. Items for which data are lacking were deleted as 
a result of the pre-test item-analysis. 
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TABLE 18 
FINAL TEST ITEM-ANALYSIS DATA FOR THE 
TEST, . FOODS: ACQUISITION OF INFORMATION 
(N of Sample, 399; N of High and Low Scoring Groups, 108) 
Upper Group Per Cent tower Group Per Cent Davis Chart Accepted 
success success Dis. Diff. or 
Item R w 0 ~u;e~rl R w 0 ~lower2 Index Index ReJected 
1 78 30 0 63 54 54 0 33 19 49 Rej. 
2 87 21 0 74 75 33 0 59 10 59 Rej. 
3 88 19 1 77 62 37 9 51 18 58 Rej. 
4 58 50 0 38 17 89 2 -12 (1) 49'f' 26 Ace. 
. 5 31 68 1 7 16 84 8 -12 (1) 27'f' -15 Ace. 
6 105 3 0 96 81 26 1 67 31 69 Ace. 
7 96 12 0 85 88 20 0 75 9 68 Rej . 
8 16 92 0 
-14 7 101 0 -27 12 -33 Rej. 
9 
10 108 0 0 100 (99) 78 29 1 64 48 69 Ace. 
11 97 11 0 86 43 60 5 23 44 53 Ace. 
12 84 24 0 70 26 80 2 -1 (1) 68't' 42 Ace. 
13 101 7 0 92 45 62 1 24 51 54 Ace. 
14 80 28 0 66 58 49 1 39 17 52 Rej. 
15 
16 99 9 0 89 74 34 0 58 25 63 Ace. 
17 56 50 2 37 50 51 7 33 2 42 Rej . 
18 107 1 0 99 85 23 0 77 38 75 Ace. 
19 69 38 1 52 85 74 3 6 39 38 Ace. 
20 13 95 0 -18 31 87 2 -9 -11 -27 Rej. 
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TABLE 18 (Continued) 
Upper Group Per Cent Lower Group Per Cent Davis Chart Accepted 
Success Success Dis. Diff. or 
Item R W 0 (upper) R W 0 (lower) Index Index Rejected 
21 103 5 1 
22 75 33 0 
23 53 53 2 
24 82 26 1 
25 61 47 0 
26 106 2 0 
27 102 6 0 
28 78 30 0 
29 
30 104 3 1 
31 80 28 0 
32 87 20 1 
33 48 58 2 
34 98 9 1 
35 62 46 0 
36 87 20 1 
37 101 7 0 
38 79 29 0 
39 92 15 1 
40 6 101 1 
41 98 10 0 
42 72 35 1 
94 
59 
33 
68 
42 
97 
93 
63 
96 
66 
75 
27 
89 
44 
75 
92 
64 
81 
-26 
88 
56 
19 47 3 
32 71 5 
31 72 5 
60 43 5 
29 75 4 
81 26 1 
67 41 0 
36 67 5 
83 25 0 
40 
8 
7 
45 
4 
67 
49 
15 
70 
15 89 4 -14 (1) 
31 76 1 6 
29 72 7 5 
59 46 3 
21 86 1 
58 47 3 
67 38 3 
72 35 1 
34 71 3 
42 
-8 (1) 
40 
51 
56 
10 
7 91 10 -24 
49 56 3 
39 60 9 
29 
8 
44 59 
41 41 
26 33 
14 54 
38 34 
35 
37 
34 
30 
69 
61 
44 
70 
66"' 36 
55 45 
26 29 
36 59 
24 55 
34 
5 
53 
62 
55 
48 
-2 -36 
42 
38 
55 
40 
Ace. 
Ace. 
Ace. 
Rej. 
Ace. 
Ace. 
Ace. 
Ace. 
Ace. 
Ace. 
Ace. 
Ace. 
Ace. 
Ace. 
Ace. 
Ace. 
Rej. 
Ace. 
Rej. 
Ace. 
Ace. 
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TABLE 18 (Continued) 
Upper Group Per Cent Lower Group ·per Cent Davis Chart Accepted 
Success Success Dis. Diff. or 
Item R W 0 (upper) R W 0 (lower) Index Index Rejected 
43 55 53 0 
44 69 38 1 
45 65 40 3 
46 81 26 1 
47 97 11 0 
48 81 23 4 
49 91 16 1 
50 101 7 0 
51 89 19 0 
52 87 20 1 
53 85 23 0 
54 100 8 0 
55 42 62 4 
56 80 27 1 
57 17 85 6 
58 25 77 6 
59 51 52 5 
60 9 98 1 
61 52 55 1 
62 92 15 1 
63 4 103 1 
64 36 71 1 
44 
52 
50 
67 
93 
70 
80 
92 
78 
75 
67 
90 
20 
66 
-ll 
-1 
33 
-22 
32 
81 
-28 
11 
21 82 5 
28 70 10 
36 64 8 
37 65 6 
48 53 7 
.38 57 13 
42 57 9 
58 42 8 
51 51 6 
28 74 6 
44 60 4 
56 51 1 
25 80 3 
-6 (1) 
5 
15 
15 
30 
20 
23 
44 
33 
3 
23 
36 
-2 (1) 
51 57 0 30 
15 86 7 -14 
21 86 7 -6 
28 74 6 3 
8 98 2. -24 
17 89 2 -12 (1) 
45 61 2 24 
5 101 2 -27 
14 93 1 -16 (1) 
52 
42 
26 
38 
49 
34 
39 
38 
32 
38 
41 
46 
56 
47 
51 
60 
30 53 
61 44 
29 47 
40 
36 
57 
22 
23 49 
3 -26 
19 -12 
35 31 
2 -34 
45 34 
39 52 
-1 -38 
27 -10 
Ace. 
Ace. 
Ace. 
Ace. 
Ace • 
Ace. 
Ace. 
Ace. 
Ace. 
Ace. 
Ace. 
Ace. 
Ace. 
Ace. 
Rej. 
Rej. 
Ace. 
Rej. 
Ace. 
Ace. 
Rej. 
Ace. 
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TABLE 18 (Contimed) 
Upper Group Per Cent Lower Group Per Cent Davis Chart Accepted 
Success Success Dis. Diff. or 
Item R w 0 (upper) R w 0 (lower) Index Index Rejected 
65 26 78 4 0 (1) 12 90 6 -18 (1) 0 -22 Rej. 
66 87 17 4 80 44 55 9 27 35 52 Ace. 
67 36 67 5 14 15 86 7 -13 (1) 30 1 Ace. 
R = Correct Response; W = Incorrect Response; 0 = Omitted Response; 
Dis. = Discrimination Index; Di!f. = Difficulty Index; Rej. = Rejected. 
Numbers in parentheses are in accord with instructions for using the 
Davis Chart when percentages of success are less than one; greater than 
99, or are preceded by unlike signs. A plus sign (•) following a discrim-
ination index means that the index is actually higher than shown by the 
Davis Chart. Items for which data are lacking were deleted as a result 
of pre-test item-analysis. 
Final t est item-analyses of the application tests. The purposes 
underlying the final test item-analyses of the application-type tests 
were the same as for the multiple-choice tests; however, unlike the 
scoring and item-analysis of the multiple-choice information tests, 
the application-of-information tests, with their required main and 
supporting responses, could not be scored and tabulated in a straight-
forward manner. Several methods of scoring were considered and tried 
out with small samples of test papers. A method of scoring was finally 
sel ected which seemed to minimize the possibility of making correct 
responsex by chance alone, and which required good logic in deciding 
whether the student's main response was valid. The adopted method of 
s coring was as follows: Each main response was counted as correct and 
given one point of raw-score credit when it was properly marked, and 
supported by at least two of the three correct secondary responses . 
The main response was counted as wrong and given no credit at all when 
t he wrong main response was chosen, or when the correct main response 
was chosen, but two of the three correct secondary responses were marked 
incorrectly, or omitted. 
When the above described scoring method was tried out on a sample 
of 30 test papers, using equal numbers of upper, middle and lower scores, 
the average increase in the discrimination index for each item amounted 
to eight points. Furthermore, this method lowered the difficulty index 
of the main responses on the average three points for each item. Quick 
estimates of reliability indicated that the scoring method being con-
sidered would be likely to affect the reliability coefficient f avorably. 
The item-analysis of the application final tests was therefore ac-
complished as follows: 
(a) All tests from the final test population for each of the 
application tests were re-scored according to the method 
described above and arranged in order of scores from highest 
to lowest. The final sample of test papers for each test was 
obtained ~ (1) rejecting test papers in which directions for 
marking had not been followed, and (2) by rejecting papers in 
which one or more whole pages of problems had been skipped by 
the examinees. 
(b) 27% of the papers with highest scores, and 27% of the papers 
with lowest scores were removed for analysis. 
(c) The successes and failures with each problem in the test by 
examinees in the upper and lower groups were then tabulated. 
(d) Since the scoring method employed made it unlikely that a 
correct main response could be made by guessing, the correction 
Y' 
for chance called for by the Davis formulas was not used. The 
percentages of success in upper and lower groups were therefore 
obtained ~ dividing the number of correct responses to each 
problem by the number of test papers in the group. 
(e) The obtained percentages of success were used to enter the Davis y 
Chart by means of which the difficulty and discrimination 
indices were read directly and tabulated. 
The same criteria for item selection as for the multiple choice, 
acquisition of information tests, were set up for the application-of-
information tests. Thus, if items had a discrimination index of less 
than 20, and a difficulty index greater than 77, th~ were rejected. The 
results of the final test item-analyses for these tests are shown in Tables 
19 and 20. 
iJ~. 
y Ibid. 
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TABLE 19 
FINAL TEST ITEM-ANALYSIS DATA FOR THE 
TEST, WATER: APPLICATION OF INFCRMATION 
(N of Sample, 367; N of High and Low Scoring Groups, 99) 
Upper Group Per Cent Lower Group Per Cent Davis Chart Accepted 
Success Success Dis. Diff. or 
Problem R w (ui?_Eer~ R w (lower) Index Index Rejected 
1 98 1 99 51 48 52 54 64 Ace. 
2 67 32 68 30 69 30 24 49 Ace. 
3 95 4 96 56 43 57 39 66 Ace. 
4 81 18 82 28 71 28 37 53 Ace. 
5 77 22 78 25 74 25 36 51 Ace. 
6 54 45 55 20 79 20 24 44 Ace. 
7 73 26 74 27 72 27 31 51 Ace. 
8 79 20 80 24 75 24 38 51 Ace. 
9 86 13 87 24 75 24 45 53 Ace. 
10 83 16 84 48 51 48 25 59 Ace. 
11 92 7 93 63 36 64 27 67 Ace. 
12 93 6 94 35 64 35 48 58 Ace. 
13 61 38 62 13 86 13 35 44 Ace. 
14 25 74 25 9 80 9 16 31 Rej. 
15 31 68 31 6 93 6 26 32 Ace. 
R = Correct Main Response; W = Incorrect Mai n Response, or Omitted 
Response; Dis. =Discrimination Index; Diff. :Difficulty Index. 
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TABLE 20 
FINAL TEST ITEM-ANALYSIS DATA FOR THE 
TEST:, FOODSi APPUCATION OF INFORMATION 
(N of Sample, 390; N of High and LoW' Scoring Groups, 106) 
Upper Group Per Cent Lower Group Per Cent Davis Chart Accepted 
Success Success Dis. Di.f'f. or 
Problem R w (upper) R w (lower) Index Index Rejected 
1 10.3 3 97 89 17 84 22 78 Rej . 
2 90 16 85 40 66 38 33 56 Ace. 
3 99 7 93 63 43 59 31 65 Ace. 
4 78 28 74 2.3 83 22 35 49 Ace. 
5 93 13 88 36 70 34 39 56 Ace. 
"6 71 35 67 29 77 27 26 48 Ace. 
7 105 1 99 53 53 50 55 . 64 Ace. 
8 103 3 97 54 52 51 46 63 Ace. 
9 106 0 100 (99) 94 12 89 26 83 Rej. 
10 84 22 79 20 86 19 42 49 Ace. 
11 75 31 71 1.3 93 12 43 46 Ace. 
12 103 3 97 72 34 68 35 70 Ace. 
13 99 7 93 54 52 51 36 62 Ace. 
14 84 22 79 20 86 19 42 49 Ace. 
15 89 17 84 53 53 50 25 59 Ace. 
16 103 3 97 56 50 53 45 64 Ace. 
17 13 93 12 5 101 5 21 7 Ace. 
R : Correct Main Response; W = Incorrect Main Response, or Omitted 
Response; Dis. =Discrimination Index; Diff. = Difficulty Index. 
us 
Tables 19 and 20 show that all but one problem in the water 
Application test and two problems in the Foods Application test sur-
vived the final test item-analysis. However, one additional problem 
was deleted from the Foods test to equalize the length of the applica-
tion tests. Problem No. 3 of the Foods test was selected for elimina-
tion, not only because it appeared to be one of the easier problems, 
but because it was a problem requiring a "No" response, and the previous 
rejection of two items had destroyed the balance existing between the 
11Yes 11 , "No" answers. The problem tests now were composed of fourteen 
problems each. 
Final Forms of the Te•ts 
Reliability. The estimate of the reliability for each of the 
four tests, was obtained by the split-half method, using the Pearson 
product~oment correlation coefficient (r) according to procedures y 
described by Adkins. The correlation coefficient for a test half as y 
long as the original test was corrected by means of the Spearman-Brown 
prophecy formula. 
For purposes of estimating test reliability it was decided to use 
a sample of 100 papers selected by random methods. Papers in the final 
test, item-analysis sample were therefore thoroughly mixed and ever.y 
fourth paper from the top to the bottom of the pile was chosen. The 
resulting sample was then made up to or decreased to 100 papers by 
"cutting" the appropriate pile of test papers as needed. 
1/ Dorothy c. Adkins, Construction and Analysis ·of Achievement Tests. 
Washington, D. c.: Superintendent of Documents, U. S. Government 
Printing Office, 1947, pages 105-109. 
3/ Ibid. , page 151. 
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Standard answer sheets , such as used for machine scoring purposes , 
'\'lere fi l led out for each examinee in the ne1v s ample using only the 
responses to items \vhich survived the pre-test and final test item-
anal yses . Scoring keys, for hand sm ring purposes , were punched out 
according to the odd and even nurnbered items . Prior to t he selection 
of odd and even numbered items all of the surviving items had been re-
nlli~bered in numerical order as t hey appeared in the preliminary forms 
of the tests . Test papers \>Jere hand s cored under the supervision of 
the test constructor, and the scores on the t vlo half-tests entered on 
each answer sheet under the l o.bels 11x 11 . and "y11 • Double-entiJr tables 
Here made , scores taJJied and t he corrected reliability coefficients , 
shown in Table 21 \vere computed . The reliability coeffi cients for the 
four tests are s follows: for the llater: Acquisition of Information 
test, . 86; f or t h e Foods : Acqu,isition of Inf ormation test, . 77; for the 
1·fater : Application test, . 69; and for the Foods: Application test, . 68. 
Since the se four reliabilities exceeded . 50, t he minimum correlation a ccept-
. ]} 
able for evaluatiD.g the level of '~roup accomplishment , the te sts 1-rere 
believed to be adequate for t bis experiment . A sample scoring key and 
answer sheet, together ~nth a tabulation of pupils ' scores on the half-
test are to be found in Ap1~endix 3. 
Validity . Since all items in the four tests >vere designed to sho\'T 
either the a cCJ).lisition of knm-dedge in one type of test, or the ability 
to ecognize t he application of facts and principles in the other t ype , 
it is assumed that they possess f ace validity . To support the cl aim for 
face validity, criticisms and judgments about the test items from subject-
matter specialists, tests experts, and teachers of general science v.rere 
1/ E. F . Lindquist , Editor, Educational l•1easurement , p. 609 . vlashington, 
D. C. : American Council on Educat ion, 1951. 
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used. The plan for obtaining such judgments , and the use made of them, 
i s described earlier in this chapter . 
Internal validity of the te st items 'rlaS est ablished by the process 
of item- analysis in 1'lhich only those items were selected \'Thich correlated 
highly enough with the total test score. 
Sumrna;r:y of characteristics. Before the final forms of the tests vrere 
mimeographed, a few editorial changes were incorporated in several of the 
surviving items , but no major changes in structure, or meaning >iere made . 
In arranging the pattern of items f or each of the final forms, an easy 
item \'las chosen for the begir..ning, i>Iith the most difficult items coming 
tov:ard the e nd of the te st . However , in the case of the application tests, 
mor e attention had to be paid to the pattern of the 11Yes11 , "No11 answers to 
the problems to minimize the possibility of memorizing patterns of correct 
responses as a result of the pre-test experience in the actual experiment . 
Editorial changes 1-rere also made in the directions for administering the 
tests and in the instructions to students . For example, since the nature 
of t he experiment was to be kept secret, t e statement that the tests had 
been prepared by the ~~iter for research purposes iffiS deleted. 
Table 21 summarizes pertinent data relative to the number of items 
survivi ng the item analysis , the average di.scrilninatlJlg po•·~er and diff i-
culty of the items in each test, and the means and standard deviations 
of scores on the final tests based upon the 11 reliability11 sample . 1-timeo-
graphed copies of the final forms of the t ests are to be found in Appendix 
10. 
Scoring Procedures . All of the pre-tests and final tests for ex-
perimental and control groups v.Jere hand-scored by or und~r t he direct 
supervision of the writer. In s cor i ng the preliminary forms of t he te sts 
for item- analysis purposes correcti on •·ms made for chance according to 
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the demands of the procedures used. In the sro ring of the final forms 
of t he tests used in t he experiment, ho.-.rever) no correction was made for 
chance. The writer believed t hat this procedure >·ras justified in viev: 
of t he follovTing statement published recently by the Psychological 
Corporation: 
"If everyone in a group taking a test answers all the 
items , the uncorrected scores (the number of right answers) 
will be perfectly correlated with corrected s cores "''ffiich 
t ake i nto account the nTh~ber of wrong r esponses . The 
numeri cal values of the corrected and uncorrected scores 
>dll of course be different but t he relative positions or 
ranks of individuals in the group will be exactly the same •••• 
I n making his own objective tests the teacher or personnel 
man need not feel that a correction for guessir~ is essen-
tial to t he construction of a good test. 11]/ 
\·Jhen the tests were administered, enough time >vas allo red for students 
to answer all of the items. In fact, the directions read to the st dents 
requested them to answer every question, and a s a consequence onitted 
r esponses i'Tere rare . This condition fulfilled the requirement stc:.ted 
in the above quotation . Actual scoring procedures >vere t he same as those 
used for accomplishing the item-analyses of the final tests . 
Expe rimental result s based upon the us e of the tests described i 
the preceding pages are discussed in the chapter which follmvs . 
1} Test Service Bulletin, 11 The Correction f or Guessing, t t p . 2 . Neu York : 
Psychological Corporation, 522 Fifth Avenue, No . 46, January, 1954. 
--- -----
Number of 
Test Items or 
Problems 
Water (Acq.) 45 
Foods (Acq.) 48 
Wat er (Appli.) 14 
Foods (Appli.) 14 
TABLE 21 
DESCRIPTIVE DATA FOR FINAL FORMS 
OF THE TESTS 
--------
Average Aver age Corrected 
Difficulty Discrimination Reliability 
Index Index Coefficients 
48 42 .86 
45 39 .77 
53 35 .69 
5.3 .37 .68 
Mean of S.D. of 
Final Test Final Test 
Scor es* Scores* 
26 .1 5.6 
27.0 7.1 
7.7 . 2.7 
8.0 2.6 
* The sample consisted of 100 test papers from which the estimate of reliability was obtained. 
S.D. = standard deviation. 
~ 
~ 
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CHAPTER 6 
RESULTS OF THE EXPERIMENT 
I n t his chapter the writer interprets t he data collected and 
answers the questions concerning the effectiveness of the film-
production method for teaching ninth-grade General Science which 
prompted the experiment. 
Statistical Analysis of Test Scores 
Use of the rotation design for this experiment demanded that 
t he mean achievement scores on two units of work taught by the f i lm-
presentation method be combined and compared with the mean achievement 
scor es on t he two units taught by the film-production method. But how 
should observed differences, if any, be tested for significance? 
Since the use of F and chi-square tests of certain group differences 
had enabled the writer to conclude that the two groups could be con-
1/ 
sidered as two samples drawn from the same population, the t test 
was believed to be appropriate. A similar statistical pattern is shown y 
by Wittich and Fowlkes, who, in their own rotation design experiment , 
tested the significance of observed differences between means of achieve-
ment by dividing those differences by the square root of the sums of 
1/ E. F. Lindquist, A First Course in Statistics, p. 138. New York: 
Houghton Mifflin Company, 1942. 
y Walt Arno Wittich, and John Guy Fowlkes, Audio-Visual Paths to 
Learning, pp. 49-54, New York: Harper and Brothers Publishers, 1946. 
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the squares of standard errors of t he means . Their generalized formul a 
was stated as follows: 
Difference 
'4/ Sums of the squares of t he SEI"i 
They claimed t hat the procedures employed by them were ap_ropriate f or 
use with data derived from independent samplings of t he srune population 
based not on percentages of gains~ but on points . In carrying out their 
statistical analyses ~ they added the means of test scores made by pupil s 
in every group taught by t he same method; f ound t he diff erence betvreen 
t ,,'io such t.roups of means ; and computed and added t he st andard errors of 
each mean i nvolved in the analysis . They did not make use of pre-tests, 
nor did they see fit to compensate for the differences in the numbers of 
individuals in the various class groups. 
The present investigator used both pre-tests and post-tests because 
the diff erence in scores could indicate more precisely the teaching effect . 
Since the v~iter also desired to Jnake adjustments for var iation in the 
size of t he &"'lples being used, necessary modifications in the procedures 
shown by t he above mentioned experimenters had to be made. The writer ' s 
11 achievement score" is consequently a poi nt- s core arrived at by subtract-
ing t he pre- test rm·r score fo r each pupil from his final test r aw score . 
All such s cores, even though a f e\v vTere l ess than zero, vmre included as 
useful cases . Since the present investi ,.at or al so set out to study t he 
eff ect of both teaching methods on retention, the 11 retention s core" for 
eac!1 pupil Has found by subt racting his r au score on t he retention test 
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from his raw score on his final test taken at the conclusion of each 
unit of work. All that remains is to make use of existing formulas 
for combining means of achievement scores, and for combining standard 
deviations of such scores, and all of the statistics required for sub-
stitution in the selected t test formula are available. 
Main steps in statistical analysis. The following main steps 
show the plan for statistical analysis of the test results, and the 
generalized formulas in which the writer substituted his own notations: 
Step 1: Combine the achievement score means, one mean for each of the 
two control groups instructed by the film-presentation method, to obtain y 
the weighted mean. The formula used is as follows: 
Where N1 and N2 represent the number of pupils in each of the participat-
ing groups, and M1 and ~ are their means of achievement. 
Step 2: Obtain the weighted achievement mean qy the same formula for 
the two experimental groups instructed by the film-production method. 
Step 3: Subtract the weighted mean in step 2 from the weighted mean in 
step 1 above to obtain the observed difference, if any. 
Step 4: Combine the standard deviations of achievement scores for each 
of the two control groups to obtain the combined standard deviation with 
y 
deviations taken from the weighted mean of the combination. This formula 
Y John Gray Peatman, Descriptive and Sampling Statistics, p. 417. New 
York : Harper and Brothers Publishers, 1947. 
3/ Ibid., P• 417. 
--------------- -- -- - -
is as follows:. 
Nl f' N2 
Where 11"1 and 112 are the standard deviationsof the two groups. 
Step 5: As in (4) above, combine the standard deviations of t he two 
experimental groups instructed by the film-production method. 
Step 6: Ascertain the significance of observed differences between 
means of achievement in step (3) above by using the t test suggested by y 
Lindquist for data of this sort. His fo rmula is as follows: 
Where M1 and M2 are now the weighted means ·of steps 1 and 2 above, and 
where ~l and ~2 are the combined standard deviations shown in steps 4 
and 5 above. 
Results on the retention tests were analyzed according to the same 
statistical procedures. In order to show how the stat istics obtained 
in the experiment were substituted in the formulas just quoted, the 
writer has prepared a dictionary of symbols, and a table of experimental 
data which follow: 
Dictiona;r of symbols. The symbols described in the following 
list are shown subsequently as the writer's notations in the generalized 
formulas. 
1/ E. F. LindqUist, A First Course in Statistics, p. 138. New York: 
Houghton Mifflin Company, 1942. 
P = r a.vr s core on a specified pre-test 
F = r at·I score on a specified final t est 
R rau s core on a s pecifi ed retenti on test 
A = F- P , the achievement s core , or t he net instructional effect found 
by subtracti ng t he p re-test raw score from the final test ravr 
s core, and is therefore gain in ra.t-.r s core poi nts ( see Appendix 7). 
Th3 u se of t his symbol vrill indicate that onJy achi evement data 
a r e being analyzed~ Achievement score A refers to tv:-o learning 
out cm1e s , acquisit ion of information, or to application of informa-
tion as specified. · (See X andY and x anu y . ) 
T = F-R, t he retention score , or the net instructional effect on reten-
tion , found by obtaining the diff erence between t he r avl score on 
t he retention test and the previous~ administered final te st . 
!linus and plus signs are assigned to differences to indica.te los ses 
or gains (see Appendix 7) . The use of t his symbol \v.ll l indicate 
that ollly reteption data are being ana~zed . Retention score T 
refer s to two learning outcow£s, acquisition of information, or 
cl = 
c2 = 
c 
el = 
e2 
E 
t o tlle application of informat;i.on as speci fied . (See X and Y, 
an)i x and y . ) 
control group instructed in the trJat er unit by Hr . Garrett at 
Pl ant s chool using t he film- presentation met hod . 
control group instructed in the Foods unit by l1r . Hitchcock at 
the Talcott school us i Y'.g t he film-pre sentation meth.od~ 
combi nation of a given stati stic from both control groups. 
experimental group instructed i n t he \vater unit at t he Talcott 
school by Hr . Hitchcock using t he film- production method . 
experimental group instructed in t he Foods unit at the Plant 
school by Hr . Garrett using tt:e film- production method. 
co bina.tion of a given statist ic f r om both experimenta l groups . 
N(cl)= a ctual number of a chievement or retention scores on the ~'later 
t ests i nvolved in a stat i sti cal operation u sing control- group 
result s . (Al so r efer t o cl.) 
N( c2)"" same as above except for Foods t ests . ( Also r efer to c2 . ) 
N(el) = actual number of achievement or retention scores on the \'later 
t ests involved in a statistical operation using experimental-
group results . (Also refer to el.) 
N(e2)= same as above except for Foods tests. ( Al so r efer to e2 .) 
N(C) 
N(E) 
= total number of actuevement or retention scores in both control 
groups as derived by combination. (Also refer to c.) 
= total number of achievement or retention scores in both exper-
imental groups as derived by combination. (Also refer to E.) 
M(cl) = mean of achievement or retention scores on the water tests in 
the control group instructed by Mr. Garrett at the Plant school. 
(Also refer to cl.) 
M(c2) = same as above except for Foods tests. (Also r efer to c2.) 
M(el) = mean actdevement or retention scores on the water tests in the 
experimental group instructed by Mr. Hitchcock at the Talcott 
school. (Also refer to el.) 
M(e2) = same as above except for Foods tests. (Also refer to e2.) 
M(C) =weighted mean obtained by combining the two achievement or 
retention score means using the actual number of useful cases 
for each mean. 
M(E) = weighted mean obtained by combining the two achievement or 
retention score means using the actual number of useful cases 
for each mean. 
S(cl) = standard deviation of achievement or retention scores in control 
group number one. Also used with S are (c2) (el) (e2). 
S(C) = the combined standard deviation based upon the standard deviations 
of two sets of achievement or retention scores, one from each of 
the control groups, and upon the weighted mean of the combination. 
(Also refer to cl and c2.) 
S(E) = the combined standard deviation based upon the standard deviations 
of two sets of achievement or retention scores, one from each of 
the experimental groups. (Also refer to eland e2.) 
X = combined acquisition-type test results for both Water and Foods 
tests for either control or experimental groups as specified. 
This symbol will be used with both A and T. 
x = acquisition-type test results for either the Water or Foods test 
for one group, either control or experimental as specified. 
y - combined application-type test results for either control or 
experimental groups as specified. This symbol will be used 
with both A and T. 
y = application-type test results for either the Water or Foods 
test for one group, either control or experimental. 
---~----
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An example of subsequent procedure should serve to make the use 
of the preceding dictionary clear. For instance, the following notation, 
M (A, C, X), would indicate that the two mean achieverrent scores of the 
control groups on the acquisition tests in Water and Foods, one mean 
score for the group having had the Water test and the other mean score 
for the group having had the Foods test, were being combined to derive 
the \Weighted mean as required by the plan previously shown. The entire 
formula which actually appears later follows: 
M (A, C, X) 
The right side of the formula therefore includes only those statistics 
for t he control groups as called for by the symbols included in the 
left side. Spelling out each symbol on the right side of the formula 
with complete descriptive notation is avoided in the interest of brevity. 
The numerical values to be substituted in the generalized formulas 
previously referred to are shown in Table 22. Values shown in Table 22 
were computed from data tabulated in Appendix 7. 3,ymbols appearing in 
the table are explained in the writer's dictionary of symbols in the 
paragraphs immediately preceding. For relationships between groups, 
methods, teachers, and units, the reader is referred to Table 1. 
Because there were two measuring instruments, one measuring t he 
acquisition of subject matter in general science the other the ability 
to apply general science information to a variety of situations; and 
because t he retention test likewise measured these outcomes, the same 
pattern of statistical analysis was applied to accomplish each of four 
following comparisons: (1) the comparison of the effect of the film-
presentation and film-production teaching methods upon the acquisition 
TABLE 22 
TEST DATA FOR STATI STICAL ANALYSIS 
Plant Class Talcott Cl ass Combined 
' 
N c 28 N • 27 N • 55 
Gl e2 c2 el c E 
X y X y X y X y X y X y 
A N 28 28 27 25 27 27 27 _27 55 55 54 52 
M 7. 4 2.1 4.6 . 52 7.78 1.7 6.1 1.9 7. 59 1.90 ·5. 35 1.24 
s 5 • .3 1.7 .3. 45 1.6 4.8 1.4 4. 1 1.85 5.06 1.56 .3 . 94 1.8 
T N 27 25 27 23 24 2.3 24 2.3 51 48 51 46 
M 1.26 o.o -1.0 .17 - . 79 - . 96 - .17 - .70 • 30 . - .46 - . 61 . - . 27 
s 3.68 1.3 3.55 1.46 4.0 1.68 3.91 2.17 3.82 1.51 3.75 1~85 I 
L__~ 
- - - -- --- -
Absence during final or retention testing periods changed the number of useful cases available in the sample. 
The actual number of pupils with pai rs of tests, and therefore t he actual N used for each of the statistical 
comparisons, is given in the above tabl e immediately above each mean (M). See dictionar,r of symbols for this 
chapter for meanings of symbols used above. 
..... 
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of general science information, (2) the comparison of the effect of the 
same methods upon the ability to apply general science information to a 
variety of situations, (3) t he comparison of the effect of the film-
presentation and film-production teaching methods upon the retention of 
acquired information, and (4) the comparison of the effect of the same 
methods upon the retention of the ability to apply general science in-
formation. The results of these comparisons together with the results 
of other techniques of analysis are now described in relationship to the 
specific questions which were raised by the writer in Chapter 1. The 
accomplishment of the statistical analysis for the first comparison will 
be shown in full. For the sake of brevity, the remaining three similar 
comparisons will omit the explanations incorporated in the first. In 
these statistical analyses, the hypothesis to be tested was that there 
was no difference between the effects of the film-presentation and film-
production methods upon the student samples in this experiment. 
Question 1: Which of the Two Methods, Film-Presentation or 
Film-Production, Was the More Effective in Terms of the 
Acquisition of Knowledge and the Ability to Apply this 
Knowledge in a Variety of Situations? 
The answer to this question depends upon the nature of the difference 
in the achievement of control and experimental groups in the two learn-
ing outcomes to be measured. These comparisons follow. 
Effect of film-presentation and film-production methods on the 
acquisition of information. Notations explained in the dictionary of 
symbols and the values to be found in Table 22 are now used in the six-
step procedure previously described. To show the exact comparison of 
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the writer's notations with the generalized formulas quoted from the 
literature, both are shown in each step of this first application of . 
the statistical analysis procedure: 
Step 1: Achievement score means on the acquisition-type tests, one 
mean for each of the two control groups instructed by the film-
presentation method, were combined to obtain the weighted mean. 
~ : Nl Ml 1' N2 M2 
Nl "" N2 
(1) 
Subst ituting the writer's notations , this formula is changed to the 
following: 
M(A, C, X) = N(cl) M(cl) + N(c2) M(c2) 
N(cl) + N(c2) (2) 
Subst ituting the values from Table 22, the weighted mean of achieve-
ment of both control groups in acquisition of facts and principles 
under the fiLm-presentation method becomes: 
M(A, C, X) = 28(7.4) + 27(7.78) 
28 + 27 
= 7. 59 points of mean gain. 
Step 2: Achievement score means on the acquisition-type tests, one mean 
fo r each of the t-wo experimental groups instructed by the film-production 
method, were combined to obtain the weighted mean. Substituting the 
writer ' s notations formula (1) is changed to the following: 
M(A, E, X) = N(el) M(el) + N(e2) M(e2) 
N(el) + N(e2) (3) 
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Subst i t uting the values from Table 22, theweighted mean of achievement 
of both experimental groups in acquisition of facts and principles 
under the film-production method becomes: 
M(A, E, X) • 27(6.1) + 27(4.6) 
27 + 27 
= 5.35 points of mean gain. 
Step 3: Difference between mean achievement in the acquisition of 
information by groups under each method was determined: 
Difference = M(A, C, X) - M(A, E, X) 
{4) 
= 7.59 - 5.35 - 2.24 points of mean gain. 
Step 4: Standard deviations of achievement scores on acquisition-type 
tests for each of the two control groups were combined to obtain the 
combined standard deviation with deviations taken from the weighted 
mean of the combination: 
(5) 
Substituting the writer's notations, this formula is changed to the 
following: 
(6) 
Substituting the values called for from Table 22, the combined standard 
deviation of the acquisition-type test scores of the two control groups 
becomes: 
S(A,C,X) : 28(27.82) ~ 27(23.27) + 28(7.4-7.59) + 27(7.78-7.59) 
28 + 27 
= 5.06 
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St ep 5: Standard deviations of achievement scores on acquisition-type 
tests for each of t he two experimental groups were combined to obtain 
the combined standard deviation with deviations taken from the weighted 
mean of the combination: 
Substituting the writer's notations, formula (5) is changed to the 
following: 
S(A,E,X) 
(7) 
Substituting the values from Table 22, the combined standard deviation 
of the acquisition-type test scores of the two experimental groups becomes: 
S(A,E,X) = 
- 3.94 
Step 6: Significance of observed difference between means of achievement 
in acquisition of information was ascertained: 
(8) 
Substituting the writer's notations, this formula is changed to the 
following : 
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M(A, C, X) - M(A, E, X) 
(9) 
Substituting the comparable numerical values from the above steps and 
from Table 22, the value of t becomes: 
7.59 - 5.35 
t(A,X) ~(55(25.58) t- 54(15.5bl\ ( 55 1' 54;) 
\ 55 + 54 - 2 ) (55) (54) 
= 2.55 
It can be seen that in this comparison the value of t was based on 
107 degrees of freedom. It should be borne in mind in this connection 
that the two participating groups were combined in step one above for 
one analysis with N(C) equal to 55, and again combined in step two with 
other scores being used with N(E) equal to 54. y 
According to the table of t values for tests of significance, when 
degrees of freedom= 120 the probabilities are 1 in lOO. of obtaining at 
value equal to or exceeding 2.617. Since the obtained significance ratio 
of 2.55 in this analysis with 107 degrees of freedom is less than that 
value, but larger than the 2.35 significance ratio required for a proba-
bility of two per cent, the writer concludes that the observed difference 
in group achievement in the acquisition of information in favor of the 
control group would occur by chance alone only two times in 100 cases. 
The null hypothesis of no difference between means of achievement is 
therefore rejected at the two per cent level of confidence, and so it can 
be concluded now that on the basis of this evidence, and as far as this 
1/ E. F. Lindquist, A First Course in Statistics, p. 240. New York: 
Houghton Mifflin Company, 1942. 
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experiment and this particular learning outcome are concerned, the 
film-production method showed itself to be less effective than the 
film-presentation method. 
Effect of film-presentation and film-production methods on the 
ability to apply knowledge. In this second analysis, namely, that of 
determining the significance of the observed difference in the ability 
to recognize the application of information, the same six steps ex-
plained earlier were followed with the substitution of writer's nota-
tions and numerical values in the generalized formulas. Should the 
reader wish to check the procedure in this and the remaining comparisons 
in which the writer's own notations are used, he~ould return to the 
more detailed explanation included with the first analysis. 
Step . l: Achievement score means on the applicat ion-type tests, one mean 
for each of the two control groups instructed by the film-presentation 
method, were combined to obtain the weighted mean: 
N(cl)M(cl) + N(c2)M(c2) 
M(A,C,Y) = N{cl) + N{c2) 
= 28(2J) • 27(1.7) 
28 ~ 27 
= 1.90 points of mean gain 
Step 2: Achievement score means on the application-type tests, one mean 
for each of the two experimental groups instructed by the film-production 
method, were combined to obtain the weighted mean: 
M(A,E,Y) = 
= 
= 
27(1.9) ~ 25(.52) 
27 + 25 
1.24 points of mean gain 
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Step 3: Difference between mean achievement in the ability to recognize 
the application of information by both groups under each method was 
determined: 
Difference between means = M(A,C,Y) - M(A~E,Y) 
= 1.90 - 1.24 = .66 points of mean gain 
Step 4: Standard deviations of achievement scores on application-type 
tests for each of the two cont r ol groups were combined to obtain the 
combined standard deviation with deviations taken from the weighted 
mean of the combination: 
S(A,C,Y) = 
= 1.56 
Step 5: Standard deviations of achievement scores on application- type 
tests for each of the two experimental groups were combined to obtain the 
combined standard deviation with deviations taken from the weighted mean 
of the combination : 
1.8 
Step 6: Significance of observed difference between means of achievement 
in ability to recognize the application of information was determined: 
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M(A,C,Y) - M(A,E,Y) 
t(A,Y) 
1.90 - 1.24 
t(A,Y) =A I§5(2.44)+52(2.99)) 55 52 ~ 
·vc 55 * 52 - 2 (55) + <s2)J 
= 2.06 y 
According to the table of t values when there are 120 degrees 
of freedom the probabilities would be 5 in 100 of obtaining a t value 
equal to or exceeding 1.98. The observed t value of 2.06 in the present 
analysis with 105 degrees of freedom indicates that a difference between 
means of .66 in favor of the control group would be likely to happen by 
chance alone but 5 times in 100 trials. The null hypothesis of no 
difference between the mean achievement reported is therefore rejected 
at the five per cent level of confidence, and thus it can now be con-
eluded that as far as this experiment and this particular learning 
outcome are concerned, the film-production method showed itself to be 
less effective than the film-presentation method. 
The answer to guestion 1. One of the main purposes of this exper-
iment was to determine the effectiveness of joint pupil teacher film-
production as a teaching method. Specifically, the question was: Which 
of the two methods, film-presentation or film-production, was the more 
effective in terms of the acquisition of knowledge and the ability to 
apply this knowledge in a variety of situations? As far as this exper-
iment is concerned, and in the light of the particular teaching methods 
devised for this experiment, the writer can answer that the film-
1/ Ibid., p. 240. 
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pres entation method was the more effective. The observed difference i n 
achievement between control groups and experimental groups as regar ds 
the acquisition of facts and principles, and the difference in achieve-
ment in the ability to recognize the application of facts and princi-
ples were in favor of the control groups taught by the film-presentation 
method. The superiority of the control groups in acquisition of informa-
tion, as expressed previously, amounted to 2.24 points of mean gain, 
or the difference between ?.59 and 5.35 the respective points of mean 
gain of the control groups and experimental groups. The significance 
ratio in this case was 2.55 revealing that such differences would occur 
by chance alone but twice in one hundred times. The superiority of t he 
control groups in the ability to apply facts and principles showed it-
self in a difference of .66 points of mean gain based on the points of 
mean gain from pre-test to final test of 1.90 and 1.24 for control 
groups and experimental groups. The significance ratio in this case was 
2.06 revealing that such differences would occur by chance alone five 
times out of one hundred. In the light of this evidence the writer con-
cludes that the f ilm-presentation was the more effective of the two 
methods employed in this experiment for bot h of the learning outcomes 
measured. To facilitate study by the reader, data leading to the con-
clusions just drawn have been summarized in Table 23 . This .table also 
contains simila r data for the conclusions drawn regarding the effect of 
both teaching methods upon retention. 
Additional observations and interpretation. As soon as the pre-
t ests were given, it appeared that the Plant school group was somewhat 
better informed in the subject-matter of the units of work than was the 
Talcott class. Also, as soon as t he final tests were administered, it 
TABLE 23 
DATA FOR AND RESULTS OF THE TESTS OF SIGNIFICANCE FOR ACHIEVEMENT AND RETENTION 
EFFECTS OF THE FILM-PRESENTATION AND FILM-PRODUCTION ~fETHODS 
-
Learning Control Group Exper. Group Difference t Degrees Significance of 
Outcome Film- Film- in ratio of Differences 
Presentation Production · Means Freedom 1% 2% 5% 
Weighted Mean of 
Acquisition in 7.59 5.35 2.24 2.55 107 Achievement Score No Yes Yes 
Points 
Weighted Mean of 
Application in 
1.90 1.24 .66 2.06 Achievement Score 105 No No Yes 
Points 
Weighted Mean of 
Acquisition in 
.3 - .6 .9 1.20 100 Retention Score No No No 
Points 
Weighted Mean of 
Application in 
- .46 - .27 .19 Retention Score .55 92 No No No 
Points 
--
.... 
~ 
TABlE 24 
MEANS OF RAW- SCORES ON UNIT PRE-TESTS A~TD FINAL TESTS 
TO SHOW ACHI EVEMENT STATUS OF PARTICIPATING GROUPS BEFORE AND AFTER INSTRUCTION 
------
Unit Tests Means of Pre- test Scores Means of Final Test Scores Maximum 
Plant Class Talcott Class Plant Class Talcott Class Raw Score 
water: Acquisition 20.1 {cl) 18.3 (el) 27.5 (cl) 24.4 (el) 45 
water: Application 6. 4 {cl) 6.1 (el) 8.5 (cl) 8. 0 (el) 14 
Foods: Acquisition 21.4 ( e2) 17.5 (c2) 26.0 (e2) 25.3 (c2) 48 
Foods: Application 8.6 (e2) 7.9 (c2) 9.1 {e2) 9.6 (c2) 14 
See dictionary of symbols in this chapter for meanings of symbols i n parentheses. 
,.. 
G.j 
co 
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became obvious that the amount of gain from pre-test to final test 
made first by the Talcott group under the film-production method was 
not equalled as the writer expected it would be by the Plant class. 
Since the means of achievement scores are shown in Table 22 without 
reference to raw scores on the tests, some facts regarding the differ-
ences between the groups as to status before and after instruction may 
be of value in studying further the reactions of the groups. Therefore, 
the means of raw scores on unit pre-tests and final tests with reference 
to maximum possible raw score are supplied in Table 24. As can be seen 
in Table 24, the largest disparity between groups appeared on the Foods 
Acquisition of Facts and Principles pre-test where the difference was 
almost four points on the average. Also, comparing the groups as to 
differences in gain, it becomes clear that under the film-production 
method on the Water tests the Talcott group mean gains were 6.1 and 1.9 
points on the acquisition and application tests respectively as against 
4. 6 and • 5 points by the Plant school group on the Foods test, but under 
the same teaching method. Apparently, then, the Plant class, despite 
what appeared to the writer to be successful participation in every way, 
did not seem to learn as much under the film-production method as did 
the Talcott school group. Since this seeming irregularity on the part 
of the Plant class has no explanation as far as can be determined from 
the data collected, it must be attributable to factors beyond the con-
trol of the investigator. This type of possible outcome is discussed 
further in Chapter 7 under implications of the experiment. 
Question 2: Which of the Two Methods, Film-Presentation or 
Film-Production, Was the More Effective from the Standpoint of 
Permanence in Learning? 
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The answer to this question is based upon the effect of the two 
teaching methods upon the retention of what had been learned as measured 
by retent ion tests administered on the forty-second and forty-third 
calendar days following the previous administration of the same tests. 
Part of the retentimn period, that is, the period between the completion 
of experimental instruction and the administration of the retention tests, 
fell during the Christmas recess. The experimental instruction for both 
groups was completed on December 20, 1954, and the retention tests were 
given on January 31 and February 1, 1955. While the retention period of 
approximately six weeks was undesirably short, it wasn ' t feasible to 
have it otherwise, since the day after the tests were given several of 
the girls in the participating groups began the study of foods in their 
Home Economics courses. Furthermore, it should be borne in mind that 
insofar as the subject-matter deali ng with water is concerned, the reten-
tion period was more than doubled since that unit was completed on Novem-
ber 2 by one group and on November 3 by the other. Therefore, there were 
two retention periods, one for the water subject-matter being twelve 
weeks in duration and the other for the foods subject-matter being six 
weeks in duration. When the retention test results are considered it 
should also be remembered that both teachers taught specified subject-
matter, namely, the topics of Astronomy and Sound, during the retent ion 
period. 
To economize on class time, t he retention tests were administered 
during t wo lengthened class periods. Thus each student could have as 
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much as sixty-five minutes of working time on each set of tests without 
interruption, special arrangements having been made by the school prin-
cipals with teachers to whom pupils were scheduled to report. A special 
set of directions were written for the teachers and supplied with the 
tests in an effort to stimulate pupils to participate industriously and 
to answer each item. The directions, which may be referred to at the end 
of Appendix 10, announced for the first time that students were partici-
pating in an educational experiment. 
In preparation for the retention testing, the writer stapled the 
water and foods acquisition tests together after tearing off the title 
pages of the foods tests. Consequently directions for procedure had to 
be given to the pupils but once for the two tests during the one testing 
period. The water and foods application tests were handled similarly. 
This procedure was welcomed by teachers since without it four class per-
iods of time would have been required with even greater disruption of 
teaching plans. Pupils were unaware that retention t~sts were to be 
given, and they were not told that more tests would follow on the second 
day, although this might have been surmised from past experience with 
the tests. 
Retention test scores are a part of the test data tabulated in 
Appendix 7. It can be observed there that due to absence by pupils 
on days when retention tests were given, and because a few pupils had 
missed the final tests previously, not all of the regularly participating 
pupils were usable for this aspect of the experiment. Pupils so excluded 
are clearly indicated in the tabulated data in the appendix just mentioned. 
Effect of teaching methods upon retention of acquired information. 
The results of the acquisition-type retention tests were converted to 
retention scores as previous explained and then statistically analyzed 
by the same procedures as were utilized for the achievement tests ear-
lier in this chapter. The reader may wish to refer to Table 22, to the 
dictionar.y of symbols, and to the first, detailed statistical comparison 
for additional explanations. The results of the various computations 
follow: 
Step 1: Retention score means on the acquisition-type tests, adminis-
tered as retention tests, one mean for each of the two control groups 
instructed by the film-presentation method, were combined to obtain the 
weighted mean: 
= 27(1.26) + 24(-.79) 
~+24 
= .30 points of mean gain 
Step 2: Retention score means on the acquisition-type tests, adminis-
tered as retention tests, one mean for each of the two experimental 
groups instructed by the film-production method, were combined to obtain 
the weighted mean: 
M(T,E,X) : N(el)~el~ + N~e2~M(e2) 
N el + N e2 
• 24(-.17) + 27(-1.0) 
~+~ 
= -.61 points of mean loss 
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Step 3: Difference between mean retention in the acquisition of 
information by both groups under each method was determined: 
Difference between means = M(T,C,X) - M(T,E,X) 
= .30 - (-.61) = .91 Retention score points 
Step 4: Standard deviations of retention scores on acquisition-type 
tests, administered a s retention tests, for each of t he two control 
groups were combined to obtain the combined standard deviation with 
deviations taken from t he weighted mean of the combination: 
=~27(13.53)+24(16)+27(1.26-.30)+24(-.79-.30) 
. 27 + 24 
= 3.82 
Step 5: Standard deviations of retention scores on acquisition-type 
tests , administered as retention tests, for each of the two experimental 
groups were combined to obtain the combined standard deviation with devia-
tions taken from the weighted mean of the combination: 
S(T,E,X) 
=v24(15.31)+27(12.59)+24 -.17-(-.61) +27 -1.0-(-.61) 
24 + 27 
- 3.75 
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Step 6 : Significance of observed difference between means of retention 
of acquired information was det ermined: 
M(T,C,X) - M(TJE,X) 
t (T,X) (C)S2(TtC)X)+NfE~S (T,E,X)) 
NC -NE -2 
.30 (-.61) 
1 20 y 
According to t he table of 11t 11 , the significance ratio of 1 . 20 
with 100 degrees of freedom, the probabilities would be bett er than 20 
in one hundred that the obtained difference between the film-presentation 
and film-production methods in the retention effect would occur by chance 
alone. Therefore, the null hypothesis of no difference is accepted and 
so it can be concluded as far as this experiment and the particular t ests 
used are capable of adequate discrimination that no significant difference 
in the retention of acquired information exists between t he film-
presentation and film-production methods. 
Effect of teaching methods upon r etention of the ability to apply 
facts and principles. Using similar procedures, the retention scores on 
the application- type tests were analyzed with the following results : 
St ep 1 : Retention score means on the application-type tests, adminis-
tered as retention tests, one mean for each of the two cont rol groups 
instructed by the film-presentation rrethod , were combined to obt ain t he 
weighted mean: 
M(T,C,Y) = N(cl)M~el~ + N~c2~M(c2) 
N cl + N c2 
= 25(0.0) + 23(-.96) 
25 + 23 
- -.46 points of mean los s 
y Ibid., p.- 240. 
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Step 2: Retention score means on the application-type tests, adminis-
tered as retention tests, one mean for each of the two experimental 
groups instructed by the film production method, were combined to ob-
tain the weighted mean: 
M(T,E,Y) = N{cl)M(cl) + N(c2)M(c2) 
N(cl) + N(c2) 
= 23(-.70) + 23(.17) 
~·~ 
= -.27 points of mean loss 
Step 3: Difference between mean retention of the ability to recognize 
t he application of information by both groups under each method was 
determined: 
Difference between means = M(T,C,Y) - M(T,E,Y) 
= -.46 - (-.27) = -.19 points of 
mean loss 
Step 4 : Standard deviations of retention s cores on application-type 
tests administered as retention tests for each of the two control groups 
were combined to obtain the combined standard deviation with deviations 
taken from the weighted mean of the combination: 
Step 5: 
=v25(1.76)+23(2.82)+25 o.o~(-.46) +23 -.96-(-.46) 
25 + 23 
= 1.51 
Standard deviations of retention scores on application-type 
tests, administered as retention tests, for each of the two experimental 
groups were combined to obtain the combined standard deviation with devia-
tions taken from the weighted mean of the combination: 
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+ 23 
= l.S5 
Step 6: Significance of observed difference between means of retention 
of the ability to recognize the application of information was determined: 
;;:;::;:;:::_M(T#C,Y) - M(T,E,Y) 
t(T,Y) :~(C)S2(T,~t6~ ; :f~~S~(~,E,Y)) (~~g~ : ~f~~) 
-.46 - (-.27) 
=,yf4s(2.27) + 46(3.44))f4S)+d!f' U\ 4S + 46- 2 ~4S {40)} 
.55 
y' 
According to the table of 11t 11 values, the significance ratio of 
.55 with 92 degrees of freedom indicates that the observed difference 
between the retention effects of the two methods, while it favored the 
experimental groups taught by the film-production method, is not large 
enough to be statistically significant, even at the 20% level of confi-
dence. The null hypothesis of no difference is therefore accepted in 
this case as it was in the preceding analysis, and thus it can be con-
eluded that as far as this experiment and the tests employed are capable 
of adequate discrimination, no &ignificant difference in the retention 
of the ability to apply general science information exists between the 
film-presentation and film-production methods. 
y Ibid., p. 240. 
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The answer to question 2. The second question raised by the writer 
asked: Which of the two methods, film-presentation or film-production, 
was the more effective from the standpoint of permanence in learning? 
As far as t he evidence collected in this experiment is concerned~ the 
writer can now answer that neither method showed itself to be superior 
to the other. Both seem to have equal effects on retention of the 
learning outcomes measured. While small differences were found, they 
were too small to be statistically significant. One of the differences 
seemed to favor t he control groups, and the other favored slightly the 
experimental groups. The data upon which these conclusions were based 
may be r eferred to in Table 23 where the reader may also review t he data 
regarding the significance of achievement differences as measured six 
weeks earlier. 
Additional observations and interpretat ion. The writer fully ex-
pected that the mean ret ention score for each test and for each group 
would be lower than the corresponding final achievement score. However, 
this expectation did not materialize. Table 22 reveals that out of eight 
retention score averages, only five were lower than means on the final 
tests. One mean was zero, that is, it was the same as the mean on the 
final test, and two means were actually higher than the means on correspond-
ing preceding final tests. The writer has no explanation for the apparent 
retent ion-period increase in the teaching effect since, except for a pos-
sible practice-effect, the students involved had no other formal oppor-
tunities to improve their learning in this field. 
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Question 3: Which of the Two Methods, Film-Presentation or 
Film-Production, is Likely to be the More Expensive? 
Comparison of costs for film-presentation and film-production methods. 
Generalizations concerning instructional costs for each of the teaching 
methods used in this experiment were not based upon actual costs met by 
the experimenter because of the contribution of free services by cooperat-
ing suppliers. For example, the fourteen motion pictures called for by 
the teaching plans were loaned to the writer free of charge, and the film 
processing laboratory supplied the film stock for shooting the pictures 
at wholesale prices. The comparison of costs is therefore being based 
upon maximum and minimum levels of expenditure which doubtless would be 
demanded if the same teaching procedures were to be carried out in other 
localities. The following assumptions determine the nature of the various 
cost levels. It is assumed that: 
1. Film rental charges will vary according to the service policies 
of the distributing agency. 
2. Film production costs will vary greatly depending upon the 
use to be made of the completed film. waste can be minimized 
by careful planning of the shooting script. 
3. Classroom libraries, and texts, or other reference materials, 
need to be the same for both methods, hence are not included 
in cost estimates. 
4. All necessary projection, recording, and photographic equip-
ment units for either method are at hand or can be borrowed 
locally, and hence are not included in cost differences. 
5. Each instructional film to be used effectively ought to be 
available to the teacher for a minimum time of one day, but 
need not be available for longer than one school-week. 
6. All or most of the films used in this experiment would have 
to be rented. 
Itemized probable expenditures for carr.ying on similar teaching plans are 
given in Table 25. 
TABLE 25 
PROBABLE COSTS AT MAXIMUM AND MINIMUM LEVELS 
FOR THE FILM-PRODUCTION AND FILM-PRESENTATION METHODS, 
USING THE EXPERIMENTAL UNITS OF WORK AS AN EXAMPLE 
WATER UNIT 
Film-Presentation Method 
MAXIMUM LEVEL 
(Each Film Available for One 
School-Week) 
Item 
8 films, two in color. 
One film was a 
sponsored film 
carrying a charge 
of $1. Rental 
rates are those 
normally charged 
by the University 
of Connecticut 
Audio-Visual Center. 
Cost 
35.00 
Total: $35.00 
MINIMUM LEVEL 
(Each film Available for One 
Day Only) 
8 films, same as above. 
Same source. 18.00 
Total: $18.00 
Film-Production Method 
MAXIMUM LEVEL 
(Using Reversal Master, Work-
Print, Final-Print Plan) 
Item Cost 
800 feet of reversal 
film-stock. 45.60 
728 feet of work 
print. 
336 f eet of final 
print. 
Magna-striping 338 
feet of film. 
. NOTE: The actual 
cost to the exper-
imenter was $74, 
since the first item 
above was $23.20. 
29.12 
13.44 
8.45 
Total : $96. 61 
MINIMUM LEVEL 
(Using Original Footage 
Only) 
800 feet of reversal 
film-stock, as 
sold by the 
processing 
laboratory at 5.70 45.60 
Magna-striping as 
above 8.45 
Total: $54.05 
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PROBABLE COSTS AT MAXIMUM AND MINIMUM LEVELS 
(Continued) 
FOODS UNIT 
MAXIMUM LEVEL . 
(Each Film Available for One 
School-Week) 
6 films, two in color. 
Rental rates are 
those charged b.1 
the University of 
Connecticut 
Audio-Visual Center. 26.00 
Total: $26. 00 
MINIMUM LEVEL 
(Each Film Available for One 
School-Week) 
6 films, same as above. 
Same Source. 13.00 
Total: $13 • 00 
MAXIMUM LEVEL 
(Using Reversal Master, Work-
Print, Final Print Plan) 
800 feet of reversal 
film-stock. 
700 feet of work 
print. 
359 feet of final 
print. 
Magna-striping 336 
feet of film. 
NOTE: As was the case 
with the Water Unit, 
the writer's first 
item film-cost was 
actually $23.20. 
45.60 
28.00 
14.36 
9.15 
Total: $97.11 
MINIMUM LEVEL 
(Using Original Footage 
Only) 
800 feet of reversal 
film-stock, as 
sold by the 
processing 
laboratory at 5. 70 
Magna-striping 366 
feet of film. 
45.60 
9.15 
Total: $54.75 
SUM}MffiY OF COSTS 
Maximum 
Minimum 
Film-Presentation 
$61.00 
31.00 
Film-Production 
$193.72 
108.80 
1-51 
In connection with the data presented in Table 25, the reader 
should bear in mind that the price of film-stock, sold over the counter, 
lists at approximately $7.00 for a 100-foot roll, processing included, 
and that discounts Qy local dealers may var,y considerably. The table 
does not include cost estimates for production plans involving color 
film or negative-type processing. The investigator decided against 
color film, because it requires more light, and the need for indoor 
scenes might pose difficult problems for novices, and negative-type 
film was not employed because it was believed that inexperienced young-
sters might find it more difficult to judge the nature and quality of 
negative images on film. 
Answer to question 3: On the basis of the tabulated oombination 
of actual am estimated costs of the e::xperiment, the writer has concluded 
that the film-production method is more expensive than the film-
presentation method. In the present exampl e, two films were produced, 
and the total cost of these productions in a non-experimental situation 
might have amounted to $193.72, but not less than $108.80 depending on 
the kind of finished print desired. Using the film-presentation method 
only would have cost at least $31. but not more than $61. It can be 
observed therefore that if one class of twenty-seven students were to 
produce two films, such as were produced in this experiment, operating 
costs would exceed those attached to the film-presentation method for 
comparable subject-matter by at least $2.88, but not by more than $4.91 
per pupil. Dividing by two would give the expected difference in per 
pupil costs for using the film-production method for only one unit of work. 
Question 4: Which of the Two Methods, Film-Presentation, 
or Film-Production, Did Students Prefer? 
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At the start of the next General Science class period after the 
last test had been administered, students in the two participating groups 
were asked by their teachers to fill out the student reaction question-
naire which had been prepared by t he writer. A copy of this mimeo-
graphed sheet follows for the reader's convenience, and is also to be 
found in Appendix 4. It should be noted that candid opinions were 
asked for and to facilitate the flow of expression, only the name of 
the school and date were called for, the students having been informed 
that signatures were unnecessary. 
Information given in the first three items of the questionnaire 
is summarized in Table 26. Because of pupil absence on the day follow-
ing the completion of the experiment, the number of respondents to the 
questionnaire is not the same as the number of pupils in the class. 
It appears that there is agreement on the part of students that 
the film-making activity seemed important to them, and there can be 
little doubt t hat t hese ninth-grade science students thought that of 
the two learning methods making a film was the most enjoyable. However, 
pupils in the Talcott school _group were evenly divided over the question 
of how much science they learned under the two methods. On this point 
the Plant school group seemed to differ considerably from their fellow 
students at Talcott. At Plant two-thirds of the students felt that they 
hadn 't learned as much science as under the film-presentation method. 
Yet, more than two-thirds of these students thought that film-making 
was important and t hat they enjoyed it more than the film-presentation 
method. Could it be that at Plant, ~where students came from homes of 
---- ---
STUDENT REACTION QUESTIONNAIRE 
Direct ions : For the past 12 weeks you have studied general science 
under two different learning methods . Give your own 
opi nions of thes'e l earning met hods by checking the 
blanks. In Number 4, write out your reasons briefly . 
It isn ' t necessaEY to sign your name. 
1. Under which method of learning did you l earn the most science : 
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Making a film~------ Studying regular teaching fi lms ______ _ 
2 . Do you believe t hat making a film was an important activit y for you 
to engage i n? 
Yes No 
---
3. Whi ch l earning method was most enjoyabl e for you as a student? 
Maki ng a film ~------ Studying regular teaching f ilms ______ _ 
4. List in brief form below the main reasons why you liked the method 
you checked i n Number 3 above. 
(a) 
(b) 
(c ) 
(d) 
School 
Date 
1.54 
TABLE 2Q 
SUMMARY OF SHORT-ANSWER RESPONSES IN THE STUDENT REACTION 
QUESTIONNAIRES (N at PLANT, 24; N at TALCOTT, 26) 
Plant Talcott Combined Per cent 
Item School School Responses of Choices 
Responses Responses* 
( 1) LEARNED THE 
MOST SCIENCE? 
Maki~ a Film: 8 13 21 43 
Stud;y:ing Films: 16 12 28 57 
(2) WAS FilM-
MAKING IMPORTANT? 
~: 18 25 43 86 
No: 6 1 7 14 
(3) MOST ENJOY-
ABLE l..fETHOD? 
Making a Film: 19 23 42 84 
Studying Films : 5 3 8 16 
. . . ~e pup~l o~tted a response to ~tem 1 • 
higher socio-economic status in general,there was a feeling that eve~one 
knew enough about foods anyway? It should be recalled that at Plant the 
students apparently achieved less than the gro~p at Talcott under the film-
making method. 
Of the fact that students enjoyed the film-making method more, there 
can be little doubt. Their candid, written responses as to why one method 
or the other was most enjoyable should be of interest to teachers every-
where. The different reasons given by the students of both groups are 
listed first for those who enjoyed the film-production method, and second 
for those who enjoyed the film-presentation method more. Several of the 
statements are copied verbatim. 
FILM-PRODUCTION ENJOYED MORE (Forty-two pupils) 
1. The activity was: new, fun, exciting, enjoyable, a new 
experience, interesting, different. It was a wonderful 
experience. It made me more interested in the subject. 
2. I learned about film techniques, cameras, equipment. 
Cleared up mystery of movie-making. It taught me there's 
more to making a film than shooting a picture. 
3. Because t he whole class was doing it, I wanted it to be a 
success. 
4. We learned a lot because of the material needed for the 
film. 
5. We didn't learn only what we were studying, but we learned 
about photography and script writing. 
6. Fun because we weren 1t just tr,ying to memorize. 
7. We knew we had accomplished something. We had something to 
show for our work. 
g. We did what we did all together, and worked like a team. 
Everyone had a part. 
9. I liked the equipment. 
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10. We were able to contribute something to the film, even a report. 
11. I liked working in groups. 
12. Better than having the teacher talk all period. 
13. I would not have gotten all the infonnation out of a book . 
I learned a lot. 
14. Taught me that making a film is a hard job, that it takes a 
lot of people, you all have to work together, and that the 
first time you do it, it doesn 1t come out perfect, and there 
is always room for improvement. 
15. Because of the trips, and the fun of seeing the picture after 
it was finished. 
16. I would like to make another film. 
17. Our film was something to be proud of. 
lg. I liked the film because it was something I like to do outside 
of school. 
156 
19. It gave the students a chance to make up their own film which 
in my opinion is better than looking at a ready -made one . 
20. It t aught me responsibility. 
21 . You learn more when you enjoy doing it. 
22. Because before you make the film you had to study the mat erial 
first. 
23. Whatever job you did in film-making you could consider it as 
an occupation. 
24. I n making a film we had chances to go places and it made you 
feel big. 
25. I think I like the 6-week period. 
26. It is pleasure and work at the same time, but in a way it was 
a waste of time because we didn 1t learn too much science. I 
thought it was more educational to study and look up references, 
studying teaching films is the best way of teaching and there 
is no maybe about it. Even though I didn't learn much about 
proteins and things, I enjoyed it because of the chance to work 
on the movie. (Note: Several individuals favored film-
presentation in the first two items, but felt that film~king 
was more enjoyable from the standpoint of fun.) 
27. It gives you something to look forward to. 
28. It was easier to do than studying the Study Guide, but we 
learned something that we never would have learned. 
FI LM-PRESENTATION ENJOYED MORE (Eight pupils) 
1 . When we made the film on water only about h 11 the class got 
to work with the film, and the rest had to do research so we 
did not all know just how it was done. 
2. The people who made the film didn 1t have a chance to do as 
much st udying as the others did. 
3. I got more out of watching the films than making one. You 
don't learn much science by making films. 
4. I had more work working on foods and the experiments. 
5. I ran the projector but didn't when we made the film. 
6. Because the making of the film took too long, and to tell you 
the honest to gosh truth I didn't learn much from the film. 
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7. I liked the study guide and that's where I found most of the 
things I should know about food. 
8. Each film had a lesson to teach and the people who made it 
got the meaning over to t he viewers. 
9. I also think that I learned more with t~e study guide and films. 
10. Showing films and then making notes is the only sure way of 
getting work down. 
11. Sometimes people who aren't busy on film-making jobs fool 
around and waste time. 
12. It is a waste of the 'taxpayers' money to make films and not 
have the kids learn any science. 
13. I like to see different movies. 
Answer to qqestion 4. While the preference is by no means unanimous, 
study of student reactions to both of the methods employed in the exper-
iment leads the writer to conclude that these ninth-grade general science 
students liked the film-production method, but did not always feel that 
they learned the most science by that method. The insight into the think-
ing of the students provided by the reaction questionnaire is worthy of 
further consideration, and some of t he factors identified will be dis-
cussed in Chapter 7. 
Because.teacher-bias could exert profound influences in a teaching 
methods experiment such as has been described, the following important 
question is asked and answered: How did the teachers react to the exper-
iment? 
Teachers' Reactions to the Experiment 
To facilitate the writer's search for teacher factors which might 
have influenced results under one method more than under the other, a 
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teacher reaction questionnaire was prepared. A cop,r of this instrument, 
which was filled out by each teacher a few minutes after the close of 
the last instructional period in the experiment, is included here for 
the reader's convenience, and is also a part of Appendix 4. Both teach-
ers checked the "yes or no" items in exactly the same way. While both 
teachers felt that the film-production method was the more difficult to 
use, it nevertheless gave each teacher the most professional satisfac-
tion. Both teachers also believed that the film-production method was 
a good one for General Science, good for General Science and other sub-
jects too, and they indicated that it was not just good for other sub-
jects. Interestingly enough, they indicated that they would be willing 
to perfonn the experiment again 11next year. 11 Both teachers also expressed 
the opinion that the unit method as employed was a gpod general method 
for teaching General Science, that participation in the experiment was 
profitable professionally for them, and that they expected to engage in 
other joint pupil-teacher production projects as a future learning activ-
ity. In support of the last item mentioned, the writer knows that one of 
the teachers is planning on producing another film, and the other teacher 
mentioned casually that he would like to undertake another film with a 
photography club, and perhaps a slide-production activity in another of 
his classes. 
It can be seen that the writer's main purpose in asking for their 
reactions was to discover if negative attitudes had developed in the 
teachers against the more difficult; new, film-production teaching method. 
Apparently no such ·negative bias developed during the experiment. 
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Film-Production Experiment 
TEACHER REACTION QUESTIONNAIRE 
Directions: Please give your candid opinions by checking the appropriate 
blanks. 
1. Which of the two methods gave you the most professional satisfaction? 
Film Production Film Presentation 
--------- --------
2. Which of the two methods seemed to you to be the more difficult to use? 
Film Production __________ ~lm Presentation ________ _ 
3. Would you be willing to perform this experiment again? Next year? __ __ 
Two years from now? Never ____ __ 
4. Without knowing what the final t est and retention test results are: 
Do you believe that the film production method is a good one 
for General Science? Yes No 
Good for General Science ~the-r--su~b~jects too? Yes No 
Good only for subjects such as Social Studies, English, or -----
Literature? Yes No ____ _ 
5. Do you believe you will engage in the joint production of other kinds 
of audio-visual materials as a future l earning activity? 
Yes NO ____ _ 
6. Do you believe t hat the unit method as employed in this experiment is 
an effective general method for teaching General Science? 
Yes No 
-----
?. Do you believe that it was profitable for you professionally to co-
operate in this experiment? Yes No ____ _ 
Signature 
School 
City 
Date 
lSO 
In this chapter the results of the experiment have been described 
in relation to the b~sic questions which motivated the study. In 
Chapter 7 the writer turns to a summary of the entire experiment, a 
statement of the conclusions reached, and finally to a discussion of 
several important implications for the teacher. 
CHAPI'ER 7 
SUMMARY, CONCLUSIONS, AND IMPLICATIONS 
SUmmary of the Experiment 
Through this experiment the investigator sought to determine 
the effectiveness of joint pupil-teacher film-making as a method of 
teaching ninth-grade General Science. The effectiveness of the film-
making activity was judged in terms of results achieved qy another 
teaching method, of recognized merit, which made use of currently 
available instructional motion pictures. Data collected during the 
experiment enabled the writer to answer the following four questions: 
1. Which of the two methods, film-presentation or film-
production, was the more effective in terms of the 
acquisition of knowledge and the ability to apply this 
knowledge in a variety of situations? 
2. Which of the two methods, film-presentation or film-
production, was the more effective from the standpoint 
of permanence in learning? 
3. Which of the two methods, film-presentation or film-
production, is likely to be the more expensive? 
4. Which of the two methods, film-presentation or film-
production, did students prefer? 
Detailed teaching units and four objective tests were constructed 
by t he writer especially for this experiment. The tests were designed 
t o measure acquisition of General Science information, and also the 
ability to recognize the application of such information to a variety 
of novel situations. 
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The experiment began on September 20, 1954. On that date in 
each of two junior high schools in west Hartford, Connecticut, a 
teacher who had been supplied with all necessa~ teaching materials 
started out teaching the same unit of work, namely, Understanding and 
Controlling Water for Man's Needs. One teacher, following a detailed 
teaching blueprin~organized teaching-learning activities around the 
solutions to a set of problems using a classroom library of some forty-
two reference books and a set of eight motion pictures related to a 
number of the problems by especially prepared Film-Guides. The other 
t eacher, using identical sets of books and problems, but with no motion 
pictures, set out to lead his class in a joint pupil-teacher effort to 
study the subject-matter, plan, write, and produce a sound film on a 
topic directly related to the unit subject-matter. Each teacher devoted 
four regular class periods to pre-instructional and post-instructional 
testing, and twenty-six periods to the other prescribed activities under 
their respective teaching methods. 
After thirty class periods, the necessary film-production equip-
ment was exchanged and each teacher started the next unit, Underst anding 
and Using Foods Wisely, immediately, using a different teaching method. 
The teacher who with his class had produced a film, now used currently 
available films, a set of which was supplied for his use for the entire 
six-week period, together with Film-Guides, Study-Guides, and the neces-
sary reference materials. The teacher who had used available films dur-
ing the preceding unit switched to the film-production method. Both 
teachers completed their teaching and testing in connection with the 
second unit after thirty regular ~lass-periods of instructional time, 
on the same date, December 20, 1954. Both teachers also administered 
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retention tests on the same days, January 31, and Februar,y 1. The same 
tests previously given as pre-tests and final tests were used for this 
purpose, but they were combined to permit their administration in two 
instead of four testing periods. Pupils were unaware that retention tests 
were going to be given, and the subject-matter taught during the reten-
t ion period was prescribed by the investigator. 
Prior to the experiment t he teachers studied the Teacher's Manual 
which explained the required procedures fully. Also, prior to and 
throughout the experiment the writer personally instructed, guided, and 
checked up the teachers in their daily teaching activities. Since neither 
teacher had tried the prescribed film-production method, the close super-
vision by personal conference and telephone was welcomed. According to 
plan, until the day the retention tests were given, the pupils in the 
two classes were unaware that an experiment was being conducted qy the 
writer. This condition helped to prevent an artificial situation from 
developing as did the wholehearted cooperation of the teachers. Further-
more, the mimeographed material distributed to students contained no 
reference to authorship. 
Every precaution was taken throughout the experiment to prevent 
the advantage from swinging to one group or the other. The rotation 
design employed for the experiment facilitated this effort since the 
effects of many uncontrolled variables were accordingly minimized or 
even cancelled out. The writer tried, however, to organize class-
groups t hat were fairly comparable as a precaution against introducing 
a variable that would affect the results of one method more than the 
1G4 
other. All pupils in the two participating classes had elected General 
Science as a subject, were ninth-graders, and were assigned to their 
respective classes on the basis of I. Q., and sex. Some pupils were 
assigned to the participating group by necessity as scheduling diffi-
culties arose, hence at the start of the experiment one class enrolled 
28 and the other 27 students. Several variables such as home background, 
mental ability, audio-visual education facilities, pupil grouping pro-
cedures, diversity of cultures, and favorable administrative attitudes 
toward research, were subjected to control in the selection of partic-
ular schools as the locale for the experiment. Other variables were 
brought under control by selecting two teachers who were equal or nearly 
equal in (1) over-all teaching proficiency at the better-than-average 
level, (2) teaching load, (3) willingness to participate and follow 
prescribed procedures, (4) knowledge of the photographic process, and 
(5) equal or nearly equal in their ability to make effective use of 
instructional motion pictures. 
Both teacners were strictly restricted in their decisions regarding 
teaching plans to the activities and procedures prescribed in the Teach-
er's Manual. Thus the experiment imposed an artificial stituation upon 
the teacher about which the students were unaware. But because details 
of the plan were so completely worked out in advance, teachers did not 
object t o t he restriction. Both teachers had just thirty class periods 
in which to complete t he planned activities, they had to match extra-
class pupil-hours of work under the writer's coordination, and they had 
to maintain a daily log of activities. They were required to conduct 
only those activities specified in the guide-sheets, stuqy identical 
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problems, use identical sets of reference books, and act as co-workers 
with students in meeting and solving problems of film-production. 
Teachers were also required to. teach the same subject-matter preceding 
the experiment from the opening day of school, to teach prescribed 
subject-matter following the experiment during the period immediately 
after the final tests until the retention tests were given, meet 
established film-production standards, refrain from assigning homework 
except to match extra~class pupil hours and only then with the approval 
of the investigator, and refrain from teaching responses to test items. 
Teaching methods employed for control and experimental groups 
were laid out in such detail as to be of maximum value for busy teachers. 
All necessary materials such as books, camera equipment, mimeographed 
general and special guide-sheets, motion pictures, a complete bulletin 
board display including a lay-out diagram, film-stock, and other sup-
plies were delivered directly to the classrooms involved. The investi-
gator also aided the teachers to stay within the established time limits 
by personally expediting all film-footage processing. At the appropriate 
time, upon the contrived invitation of the teacher, the writer also sup-
plied magnetic sound-recording equipment which facilitated the mixing 
of music and voicee 
The measuring instruments needed for the experiment were designed, 
constructed, criticized, revised, tried out, analyzed, and put in final 
form. And since the four tests were to be given as pre-tests, again 
as post-instructional, criterion tests, and administered a third time 
as retention tests, a special experiment was conducted to obtain an 
estimate of the practice-effect. The estimates so obtained, while 
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helpful in interpreting experimental data, were not used in the statis-
tical comparisons since the practice-effect presumably affected both 
groups and the results of both teaching methods the same under the 
rotation design. All items in the tests were based upon subject~atter 
found in available general science textbooks, and not upon content of 
the films selected for use with control groups. In fact the tests were 
constructed before the particular films to be used had been decided upon. 
Despite the effort to exercise adequate control over all aspects 
of the experiment, several circumstances arose which were beyond the 
control of t he experimenter. While such irregularities are mentioned 
here it should not be lost sight of that any condition affecting either 
teacher, one or both classes of pupils, or class environment, which per-
sisted t hrough both units of work in the experiment had no effect on the 
experimental issues since both methods would be affected similarly. 
First, the Plant school group had a higher I. Q. average than the Talcott 
school group. This circumstance was discovered too late to correct with-
out seriously jeopardizing .home-school relations. Second, the Talcott 
school ninth-grade science classroom in the new wing was not fully equipped 
with its regular lecture-demonstration table. .Third, the length of the 
class period at the Talcott school was shortened unexpectedly in a basic 
modification of the class schedule. Since no compensating action seemed 
feasible , these unexpected changes in the plans for the experiment were 
accepted on the basis that each would have the same effect upon control 
as well as experimental groups. Also, no action was taken to compensate 
for pupil absences under each teaching method. SUch inequality in pupil-
periods of absence as was evident from the official attendance record 
favored the experimental group; however, the time lost in the shortened 
period at the Talcott school must have favored the achievement in the 
control group there since the film-making groups had to spend so much 
time on other than straightforward subject-matter problems. No other 
irregularity or change in the operational plan was observed. 
The investigator's questions relative to the effectiveness of 
the film-production and film-presentation methods so far as both achieve-
ment and retention are concerned were answered as a result of statistical 
analysis. This analysis was accomplished by the follo~dng techniques: 
1. Compute the means and standard deviations of either the 
achievement or retention scores at the end of each unit 
of work, or at the end of the retention period. 
2. Combine the means of achievement or retention scores for 
groups taught by the same method to discover the differ-
ences, if any. 
) . Calculate the signi ficance ratios for the differences 
between methods ~ and test their significance. 
The writer's question relative to comparative operational costs 
of the film-pro duction and film-presentation teaching methods was 
answered by drawing conclusions from knowledge of the actual costs of 
the present experiment, or from estimates of what costs would be for 
similar operations if all services and supplies had to be paid for by 
t he producer. The remaining question regarding the teaching method 
which students preferred was answered after an analysis of the replies 
to unsigned student reaction questionnaires. 
In view of the evidence at hand to the effect that the experiment 
was conducted successfully so far as the prescribed procedures were con-
cerned, and in view of the fact that the tests, as well as t he statis-
t ical techniques employed to analyze their results, were acceptable, 
the writer concludes that the observed differences in both achievement 
and retention were the result of the specific methods to which they · 
were related. 
Conclusions 
Some of the conclusions drawn from the data gathered during this 
experiment are based upon subjective evidence. Such is the case with 
generalizations about the relative cost of the film-production method, 
and about student preferences. The major questions, however, were 
answered on the basis of statistical comparisons. These questions have 
to do with achievement in the acquisition of facts and principles; with 
the ability to recognize the application of facts and principles to 
novel situations, the responses to which had not been taught in class; 
and with the effect of the film-presentation and film-production met hods 
upon retention of information learned, and the ability to recognize the 
application of such information. In general , the purpose of the exper-
iment was to determine the effectiveness of the film-production method 
in ninth-grade General Science. 
In achievement scores on the acquisition of information tests, 
the difference between mean achievement on t hese tests under each method 
was in favor of the control groups taught by the film-presentation 
method. The difference in the mean gain between the control groups 
and experimental groups was 2.24 achievement-score points. It was found 
that differences this large would be likely to occur by chance alone 
twice in a hundred times. Again, on the additional application-of-
information tests, the difference in achievement of .66 of an achievement-
169 
score point was· in favor of the control groups. This difference was 
large enough so that it would be likely to occur by chance alone five 
times in a hundred similar trials. Therefore, as far as the tests 
constructed for this experiment and the techniques employed in analyzing 
the results are capable of determining a significant difference, the 
writer concludes that the joint pupil-teacher film-production method 
tends to be not as effect ive in producing achievement in the specific 
learning outcomes measured as the film~presentation method. 
So far as results on the retention tests are concerned, the evi-
dence enables the investigator to conclude that in this experiment 
neither the film-presentation nor the film-production teaching method 
showed superiority over the other. The difference in the retention ef-
fect between the control groups and experimental groups on the acquisi-
tion tests was .91 retention score points, and for the application-type 
tests t he difference in the retention effect was -.19. Such differences 
are not even significant at the 20% level of confidence. It could be 
reasoned, t herefore, that insofar as permanence of learning during this 
specific retention period is concerned, pupils would be somewhat better 
off under the film-presentat ion method because the original instructional 
effect of that method was greater. The magnit ude of that increment in 
teaching effect as was previously explained was suffi cient to reject the 
null hypothesis at the two per cent l evel of confidence. However, the 
fact that students who were taught by the film-production method, which 
required in-class and extra-class time on film-making methods as well as 
on subject-matter problems, remembered what they had learned as effi-
ciently as when they were taught by the film-presentation method, seems 
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to the writer to be a recommendation for its use in similar situations 
to those employed in this experiment. 
As far as the factor of cost is concerned the writer has no 
choice but to conclude on the basis of actual costs of the experiment 
as well as cost estimates for similar productions elsewhere that t he 
film-production method is more expensive than the film-presentation 
met hod. Costs for student-teacher production of a magnetic-sound, 
moti on picture of a given length will vary considerably depending on 
t he pri ces paid f or materials, and on the plan for obtaining the final 
print for projection. The t otal maximum and minimum cost levels for 
producing two motion pictures similar to those produced in this exper-
iment would be approximately $194. and $10~ respectively, while maximum 
and minimum cost l evels for the f ilm-presentation methods similar to 
those used in this experiment for two units of work would be $61. and 
$31. respectively. The cost differences between the two methods will 
be even greater if fewer than six motion pictures, t he minimum number 
used in each of the units in this experiment, are to be rented for a 
given unit of work. 
Reports from teachers, both written and oral, reports from school 
principals, together with the written reactions of students who were 
members of the participating classes lead the writer to conclude t hat 
the motion-picture-production method was the method which a majority of 
the students preferred. Students were tremendously motivated by the 
film-making activity, and their written comments indicate that t he 
opportunities that this method afforded f or group planning, teamwork, 
the making of important decisions; and the development of incidental 
photographic skills and insights were keenly appreciated. 
Limitations of The Experiment 
In connection with the conclusions in the preceding section, the 
reader should be mindful of the many limitations in an experiment of 
this sort. The writer points out that to carry on an experiment in 
regularly organized schools an obligation to consider the welfare of 
students has to be met, and restrictions by the school's administrative 
framework frequently cannot be suitably overcome. Ideally, this exper-
iment should have involved a larger number of teachers and pupils in a 
number of different schools in different geographic locations. It is 
likely that other variables not described in this study, quite beyond 
the experimenter's control and outside of the observed characteristics 
of the samples, had a bearing on the observed results. The writer is 
quick to point out that the statistical comparisons are based upon 
results on the particular tests employed, and the limitations of such 
instruments in both scope and precision of measurement must be consid-
ered. Finally, it should be emphasized that the findings of this study 
cannot be applied to other forms of classroom production activity in 
other units and other subjects. 
Implications of the Experiment for 
Teachers of General Science 
Since in any good general science teaching situation today the 
scope of teaching objectives should possess breadth and variety, it is 
possible that the film-production method, more so than other more con-
ventional methods, points the way to the development of social atti~udes 
and skills highly prized in our democratic society. For example, the 
-- -- ---~ 
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willingness and ability to cooperate in achieving important purposes, 
in addition to almost reaching achievement levels normally accomplished 
by other methods of recognized effectiveness, is an objective that no 
teacher should be unmindful of. And perhaps a number of desirable 
scientific attitudes could be fostered to a greater degree by such 
joint activity as was carried on in this experiment the achievement of 
which might more than compensate for the somewhat smaller gains, as 
were shown in the experimental results, in subject-matter insights. 
Therefore, school administrators and teachers might decide that despite 
the prediction that members in the class might not learn quite as many 
facts, the total teaching impact of the film-production method in gen-
eral science makes it worthy of selection. Also it might be argued that 
in our own motion picture and television age an understanding of motion 
picture techniques is not only a fruitful road to the development of 
adequate, desirable appreciation of theatrical motion pictures, but an 
effective means as well for protecting the citizen against possible 
insidious propaganda attacks via film. 
The reactions expressed by participating pupils in favor of film-
production method should not be ignored. The motivation to individual 
and group action, the chances for creative thinking, the vitality, and 
drive toward a common goal, the feeling of importance that pupils at-
tached to the end-product, the film, are t o be found in the candid words 
written by pupils themselves. Is it not likely that such beliefs and 
feelings on the part of pupils would be responsible for an increased 
appreciation of schools and school programs? Although the writer cannot 
pursue i t at length here, the hypothesis should be advanced that involVe-
ment in the film-production activity resulted in such growth on the 
part of the group that their subsequent achi evement with the more 
conventional method was greater, than was to be expected normally. 
173 
The evidence to support this hypothesis is the fact that the Talcott 
school group gained 7.78 achievement-score points in the Foods Unit 
during which the film-presentation method was used. This gain was the 
largest of all average gains made, and actually, by inspection of the 
group characteristics, the greatest gains most likely should have been 
made by the Plant school group instead. I f such a hypothesis as stated 
above could be accepted, the argument could be advanced with confidence 
t hat the main effect of the film-presentation method had been unduly 
affected by an experimental variable beyond the control of the investi-
gator. Furthermore, if such were the case, the true difference bet ween 
the teaching effect of the two methods might be lessened. 
It should not be forgotten that the film-presentation method as 
employed in this experiment was the best general unit method which the 
writer was capable at the time of constructing, that the design of that 
method was based upon highly recommended procedures, and that students 
instructed by this method devoted all of their class time and consider-
able out-of-class time during thirty class periods to direct work on the 
specified subject-matter problems. Consequently, in view of the fact 
that there wasn't greater disparity between the methods in their teaching 
effects, and particularly in view of the apparent equality in the reten-
tion effect of the two methods, the writer believes that in a very real 
sense the effectiveness of the film-production method has been revealed. 
- -~---- ---------~-- ~ 
174 
The accomplishment and favorable reactions of the cooperating 
teachers should provide ample encouragement for teachers elsewhere 
who are reluctant to embark on exciting activities with youngsters 
when they themselves are not masters of the required techniques. 
Teachers should thus learn that with local assistance and advice, 
with a few basic references, and perhaps with some borrowed equipment, 
some unique achievements are possible. While the restrictions, which 
of necessity had to be placed upon the teachers, brought unusual dif-
ficulties, such pressures as caused by meeting deadlines, and control-
ling extra-class pupil-hours would not be present to harass the teacher 
under normal teaching conditions. 
If it is assumed that the effect of the two teaching methods em-
ployed would be as efficiently determined by the Foods Unit tests as 
by the Water Unit tests, then the failure of the Plant school film-
production group to equal the achievement gains of the Talcott school 
group under the same method needs some consideration. The writer be-
lieves that there are two avenues of explanation for the fact that 
achievement in subject-matter insights and understanding may fall off 
more for one group than another. First, st udents may get lost in the 
motion picture techniques to the exclusion of emphasis upon content that 
needs to be used. Second, the teacher feeling pressed by the work of a 
number of activities running concurrently may also get lost in production 
problems thus failing to place sufficient emphasis upon basic facts and 
principles. One of the greatest teaching pit-falls inherent in the film-
production method is that the teacher might come to believe that the 
completion of the film itself is the teaching objective rather than the 
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involved facts and principles. 
There are still some other pitfalls in the film-production method 
that came to light during the course of the experiment. Each. teacher 
had to guard against making the decisions for the pupils. Also each 
teacher had to judge and decide whether the working committees would 
be large or small in terms of class participation. The class-organization 
rosters for the film-production groups in this experiment show that at 
the Talcott school, in general, the working committees were kept small 
with a considerable number of people for continual research work. In 
the Plant school all students had committee assignments. The danger 
here is that too much time by too many people will be spent on film-
making problems with not enough time being spent on related problem 
solving activities. The evidence, subjective as it is, seems to indicate 
that at the Plant school a substantial number of pupils believed that 
they had not learned as much science as under the film-presentation 
method. The testing results bore this out. Could it be that the pupils 
themselves believed they knew enough about foods already? In view of 
the more expanded type of organization at Plant, in view of the fact 
that some of the film-making work was done in the regular class periods, 
and in view of the question just raised, emphasis upon the subject-
matter may have been slighted by either or both teacher and pupils, 
although this did not seem to the investigator to be the case at the 
time. In organizing classes of pupils for similar production jobs, it 
would seem best to be guided by the criterion of efficiency in getting 
a particular job done when electing or appointing workers to special 
groups rat her than by the criterion of having everyone represented on a 
work committee. A trickle of reports seem to reveal approval of the 
film-producing activity by parents of the involved pupils. However, 
the writer raises the question: Just how much, if at all, did the 
beliefs of parents influence the viewpoints of pupils? Unfortunately, 
thi s question cannot be answered from data collected in this experiment. 
At any rate teachers who tr,y the film-production method need to be on 
the lookout for opportunities to bring the subject-matter into the lime-
light of the central activity. Perhaps a good way to do this would be to 
bring in one or more regular films for study by the class. This procedur e 
was deliberately avoided during the present experiment for obvious rea-
sons. Still another danger is the possibility of using up too much time 
on such an activity as film-production. In this experiment the time 
allotted was twenty-six class periods since a total of four periods were 
devoted to pre- and post-instructional tests. Organization of subject-
matter problems and preparation of guide-sheets helped in this experiment 
tremendously in the econo~ of time. 
Both of the cooperating teachers expressed the opinion t hat the 
general unit method, employed for the film-production as well as the 
film-presentation method, was an effective method f or general science 
and they also felt that the film-production method was good for other 
subjects as well as general science. The writer had given painstaking 
effort and thought to the means by which the large-scale film~production 
activity could be worked out within the framework of a unit such as was 
developed for the control groups. The success which both teachers found, 
inexperienced as they were with motion picture techniques, in working with 
students, encouraged the writer to believe that such a structure was an 
essential factor in carrying on such complex class activities effi-
ciently. It is clear that the role of any such unit structure should 
be to free the teacher for over-all supervision of many people doing 
many jobs including what should be ever present, namely, problem solv-
ing to master the concepts and develop the skills called for by the unit. 
The units constructed for the film-production groups point up the 
need for advance planning for maximum success, but the set of subject-
matter problems indicates the possibility of seeking subject-matter 
mastery before eve~ planning and producing the film. It might be argued 
that time could be saved if once a crew of students has been taught to 
produce a film, that same crew should be assigned to the making of all 
other films in the school. This is not the position taken by the writer, 
who to the contrary, advises, for the t ype of films under consideration 
here, that a simultaneous attack on several major problems be started 
and carried forward, learning new procedures, and calling for new work-
ing committees as needs arise. The writer suggests also that a policy 
of organizing new production crews for subsequent films would provide 
opportunities for new and varied educative experiences. 
While high quality in the films produced should always be welcome 
and should be sought by both teacher and pupil, the question arises as 
to how much stress should be laid upon this aspect of film-making activ-
ity in schools. Certainly, by the very nature of the main teaching 
objective, film-production standards should not be allowed to so dominate 
the actions of pupils that their interests are dulled, and inordinate 
amounts of time are required by re-takes, re-writes, and re-recording. 
But additional research, making use of experienced film-producing teachers, 
may support the contrary hypothesis that the more perfect the film, 
the greater the pupil achievement in subject-matter mastery. 
Implications of the EXperiment for 
Further Research 
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First and foremost, the writer suggests that this experiment s hould 
be repeated as a check on the presently recorded results. In an attempt 
to broaden the scope of the present experiment, the writer also suggests 
that new units of work along with their respective tests be constructed 
and added to those already available. In subsequent repetitions or 
expansions of the present experiment, the more intangible effects of t he 
film-production method should be studied. Several of these, such as the 
following, have been mentioned in the previous discussion of implications 
for teachers: (1) changes in personal social skills and attitudes, 
(2) relationship of the film-production method to theatrical motion 
picture and television program appreciation and discrimination, and 
(3) the effects of the film-production method on school outlook and 
subsequent academic achievement. 
Many other questions such as the following need to be answered also: 
(1) Is it likely that possible changes in the method of incorporating 
film-production into a general unit method would lead to in-
creased gains in· factual understanding? 
(2) would increased emphasis upon higher quality of the finished 
film result in greater learning gains? 
(3) What are the long-term effects of the film-production method 
upon persistence of understanding and upon future vocational 
choices of individuals who were involved? 
(4) Is the film-product ion method as effective in other subjects, 
and at other grade levels as it is in general science? 
Answers to questions like these should serve to guide energetic teachers, 
who are not afraid to join students in a creative effort, toward the 
maximum educational achievement. 
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